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PREFACE. 



It has been the endeavor of the authors to set forth, in 
the following pages, in a concise way, the fundamental prin- 
ciples which are involved in the appUcation of electricity to 
medical and surgical practice. 

The authors are well aware that the study of electricity 
presents many difficulties, and that to arrive at a practical 
knowledge of the subject (which is, without question, the 
knowledge demanded by the physician) whatever reading is 
undertaken should be supplemented by as much work as pos- 
sible in the laboratory. The time required for an apprentice- 
ship of this kind is, however, greater than the inclination, and, 
indeed, the duties, of the medical practitioner will permit. A 
treatise on medical electricity, therefore, to be of any vahie to 
the physician or the medical student, should be eminently prac- 
tical, and should deal with such matters only as have a direct 
bearing upon the requirements of the practitioner. The- book 
should be free from unnecessary technicalities, and only so much 
attention should be devoted to theory as is demanded in the ex- 
planation of such phenomena as are presented in the medical 
and surgical uses of electricity. 

The subject of electro-static machines, of batteries (pri- 
mary and secondary), of galvanometers, of various forms of 
resistance-coils (rheostats), etc., should be treated at length; 
while, on the theoretical side, the same thing should be done in 

(V) 
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regard to Ohm's and KirchhoflF's laws, to the best arrangement 
of cells m batteries, etc. 

In the discussion of electro-static machines the laws of the 
mutual action of bodies in a state of electrification are neces- 
sarily involved, so that these laws must have been pre>'iously 
clearly presented, and the same is true in the explanation of the 
action of various other kinds of electrical apparatus. Hence, 
in order to understand the working of even the simplest forms 
of electrical appliances, considerable attention must be first 
devoted to the study of the elementary principles of electrical 
action. 

These statements are made in view of a possible complaint 
that too much space has been given up to the discussion of 
electro-static machines. In further denial of the justice of 'such 
a criticism, it may be stated that there is a very distinct corre- 
lation between the phenomena dealt with in electro-statics and 
those met with in magnetism and electro-magnetism. Hence it 
is that many phenomena have simply to be translated, as it 
were, from the language of electro-statics into the language of 
magnetism, the explanation remaining substantially the same. 
In consequence, time devoted to the study of one branch of the 
subject is so much time that can be saved in the study of the 
other. 

The present volume has been divided into three parts, the 
first dealing with electricity and magnetism only, the second 
with electro-physiology and electro-diagnosis, and the third 
with the applications of electricity and magnetism to medical 
and surgical practice. 

In Part I are discussed the various forms of electrical and 
magnetic apparatus likely to be of use to the physician in his 
daily experience with electricity, as well as the most suitable 
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arrangement of cells for any given work, the construction and 
use of galvanometers, the theory of the chemical actions taking 
place in the storage-cell or accumulator, and the best methods 
of caring for such batteries. 

A short description of the electric motor, the telephone, 
and phonograph is added, as all these appliances are continu- 
ally, as time goes on, becoming of more value to the physician, 
either in the treatment or in the diagnosis of disease. 

Part II takes up first the effects of electric currents upon 
the various tissues and organs of the body in health, then shows 
how these effects are modified by disease, and indicates the 
methods by which these modifications are utilized for purposes 
of diagnosis. A chapter follows descriptive of the various ap- 
pliances most useful in electro-therapeutic work, which may be 
considered as immediately introductory to the section on electro- 
therapeutics. 

In Part III the applications of electricity in the treatment 
of disease are considered. The methods by which electricity is 
made available for therapeutic purposes are described, and in 
subsequent chapters the modes of application of this agent in 
the treatment of the diseases of the various organs is indicated. 
Particular attention has been given to the applications of elec- 
tricity in gynaecology, the diseases of the male genito-urinary 
organs, and in diseases of the skin. 

The illustrations in Part I are mostly original ; of those in 
Parts II and III, Figs. 134, 135, 136, 164 and 165 are from 
Erb's "Elektrotherapie;" Figs. 138 to 163, from von Ziemssen's 
classical " Elektricitat in der Medicin;" 166 and 167, from 
Gowers' "Diseases of the Nervous System;" 168 and 234, from 
Lewandowski's " Elektrodiagnostik und Elektrotherapie;" and 
222 from Dr. Ranney's work on "Nervous Diseases." Figs. 
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169 to 175 and Fig. 177 are taken from an article by Dr. Ros- 
well Park, in the "Annals of Surgery," and were reproduced 
by permission of the editor, Dr. L. S. Pilcher. The plates 
facing page 373 are reproduced from the " Atlas des Maladies 
de la Peau," of Prof Sylva Araujo. 

The authors have endeavored to place in the hands of the 
student and practitioner an intelligible account of the science 
of electricity, and a trustworthy guide to its applications in the 
practice of medicine and surgery. Whether they have succeeded 
they now leave to the judgment of the reader. 

Baltimore, January 1, 1890. 
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CHAPTER I. 

Electricity. 

The groundwork upon wliich are based the modem theories 
of electricity and magnetism is, as in all physical sciences, an 
experimental one, and though theories may change from time 
to time, in accordance with increased and more accurate knowl- 
edge of the subject, the fundamental laws of electrical, and of 
magnetic actions as well, must always remain invariable. The 
laws have for the greater part resulted from careful investiga- 
tions and well-directed experiments carried on in the labomtory 
and workshop, and are therefore completely independent of any 
hypotheses regarding the nature of electricity and of magnetism 
themselves. They remain the same whether there are two 
" electric fluids," or one electric fluid, or no fluid at all to be 
considered. 

It is therefore quite unnecessary to attempt a definition of 
electricity or of magnetism, however desirable such a definition 
may be and however soon it may become a possibility. In 
the present state of science it is imi)Ossible to say what electricity 
is, but many of the laws which it obeys are well known, and a 
consideration of some of these laws and a description of such 
electrical phenomena as have a direct bearing upon the subject 
of medical electricity will be enough to attempt for the present. 

(3) 



4 FKACnCAL ELECTRICITY IN MEDICINE AND SURGERY. 

By a common acceptation electricity has been called a fluid, 
aiid if we are careful to remember that riie term is used merely 
lor convenience we shall not be led into error by adopting it 
in what follows. 

Static Electricity, — The idea of two fluids has arisen from a 
consideration of the opi>osite pro|)erties exhibited by cerUiin, 
Ixxiies when rublxjd tof^ether. Wlien, for example, a piece of 
glass and a stick of resin, or a ])iece of ebonite (vulcanized 
India rublKir) and a silk rag, are rubbed together and approached 
toward some small fragments of piiper, the paper shreds will be 
s(x,»n to move under the action of tlie excited glass or vulcanite. 
The particles of |)a|x?r will be attracted by the glass rod, and 
some will adhere to it for a few moments and then drop away. 

The condition of the glass or vulcanite rod under these 
circumstances is referred to as electrification^ and the agent 
which produces the observed effects is called electricity. ''^ 

If we shoidd construct a sufficiently delicate apparatus for 
the pur|X)se of testing tlic action, we should find that if the 
glass exerted an attractive influence the resin would exert an 
opposite influence, i,e,^ it would re^x^. We shoidd find in the 
same way that two pieces of glass which had been rubbed with 
resin would repel each other, tliat the two sticks of resin would 
act in a similar way, but that the glass and resin woidd 
mutually attract each otlier. 

Tliis shows us that the bodies — glass and resin — ^have ac^ 
quired opposite proi)crties, and, therefore, if we call the electri- 
fication of one of them positive we must call tliat of the other 
neyative^ though it is purely a matter of convention which par- 
ticular state shall be positive and which negative. 

In order to avoid confusion it has been decided to call the 

• Electricity at re»«— In equilibrium— is called static eh'ctricity. This w© have to deal with 
In all cases in which bodies, having become electrified, are removed from the influence of 
disturbing causes. 

Electricitjf in motion, i.e., electrification in its passage from one point to another, is called 
dynamical electricity. 

In general, the two branches of study dependent upon these conditions of electrification are 
referred to as electro-atcUies and electro-dynamics. 
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electrification of glass, when nibbed with resin, positive, or 
vitreous electrification, and that of resin negative, or resinous 
electrification. 

Electrical Scale. — Many other bodies besides those men- 
tioned are found to acquire similar properties when rubbed 
together, and by experiment it has been shown that, though one 
of the bodies is always positively electrified and one negatively, 
the sign itself is not determinate for any one body, but depends 
upon the substance by which it has been excited. Thus, in the 
case of glass it has been observed that, although when rubbed 
with resin it becomes positively electrified, when nibbed with 
the fur of a cat's skin it is negatively electrified. 

In this way it has become possible to arrange a number of 
substances in a scale, such that a body taken at random in the 
scale will be negatively electrified when rubbed with «eny sub- 
stance which precedes it in the list, and positively when excited 
by any body following it. 

Cats' fur. Wood. 

Polished glass. Paper. 

Woolen articles. Silk. 

Leather, Shellac, etc. 

Equal Quantities of Positi¥e and Negatire Electricity, and 
Value of Force Acting. — If we had been able, in the experiment 
just described, to determine the relation between the electricities 
on glass and resin, to measure also the value of the influence 
exerted by each body sepamtely, we should have found that 
they were identical in absolute amount. Wo should have found 
that the qifantlty of ehctricity on tlie glass rod was exactly 
equal to the quantity on the stick of resin, though of opposite 
sign; that is,. the total electrification on any two bodies which 
have been rubbed together is zero, having due regard to signs. 
There are two methods of determining the value of the force 
exerted between two charged bodies. One method depends 
upon the fact first observed by Faraday, that there is no elec- 
trical force within a charged hollow metallic vessel, provided no 
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charged bodies arc placed icitldn it. Starting from this it can 
be shown that tlie force between two bodies charged with elec- 
tricity is proportional to the square of the distance separating 
them. 

The other method is to actually measure the force, as Cou- 
lomb did, with the aid of an apparatus known as a torsion balance 
(Fig, 1), though the method is not extremely accurate. Coulomb 
found, however, that, as a result of his investigation, the force 
exerted between two small spheres charged with electricity was 
proportional to the product of the charges — that is, the product 
of the quantities of electricity on each — divided by the square 
of the distance between theu* centres. If, for instance, we call 
the charge of one body E^ and that of the other E\ and place 
them at a distance apart equal to 72, then the force between 
them, measured in certain units, is 

„ E E' 
F= 

We can, therefore, double the force by doubling the quan- 
tity of electricity on one of the spheres or the other. Thus, if 
one sphere had a charge 2 E^ the other having, as before, the 
charge E\ the force would become 

2 E E ' 

If, however, we had halved the distance between the centres 
of the small globes the force would have been 

E E' , E E' 

or 4 ■ 

that is, four times as great as before. In the above examples we 
have supposed the bodies to liave positive charges, and the 
forces measured would, therefore, be repidsive. 

Conductors and Non-Conductors. — Let us go back for a 
moment to^the fundamental experiment by which electricity was 
produced, of rubbing two bodies together; but, let us substitute 
a metal rod for the glass rod. Under these circumstances no 
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electrification wQl be observed; even after tlie most violent 
friction tlie metal and silk will both apparently be unaffected. 
If, however, we had taken the precaution of fastening a glass 
handle to the metal rod, and had been careful not to touch the 
metal with the hand, a veiy sensible electrification would have 
been produced. The same phenomenon would have been ob- 
served, no matter what metal we had used, provided it Iiad been 
attached beforehand to a rod of glass, resin, ebonite, sulphur, 
etc., etc. This shows us that there 
is a very marked difference in the 
abihty possessed by bodies of keeping 
on themselves electrical charges. It 
shows us that the metals, though 
ca^jable of frictionnl electrification, 
are not capable, under ordinary cir- 
cumstances, of retaining a charge of 
electricity. It further shows us tliat 
the hnraan body partakes somewhat 
of this property of metals, in that it 
allows electricity to ]>ass through it. 
We see, then, that bodies may be 
broadly divided into two groups, — 
those which retain electricity on 
themselves, and those which allow it fig. i.-toimimiis TonaioN 
to flow off. The latter are called 

CONDUCTORS, the former kon-coxductors or insulators. As in 
most classifications, howe^■cr, so in tins case, the distinction be- 
tween the classes of bodies fades away at certain points. If we 
should arrange all known substances in the order of their con- 
ducting power we should find, at some place in the list thus 
formed, a number of substances which might be called indiscrimi- 
nately either poor conductoi's or good insulators, just as in chem- 
istry there are certain elements which strictly belong neither to the 
group of metals nor to the group of non-metals, and, in biology, 
living things which am neither of animal nor of vegetable origin, 
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but are allied to both groups. For practical purposes, however, 
the line of separation is broad enough, and the following tables 
show with sufficient accuracy the order of a number of sub- 
stances arranged according to their conducting or insulating 
power : — 

CONDUCTORS. 

1. All metals. 6. Metallic ores. 

2. Charcoal. 7. Sea- water. 

3. Plumbago. 8. Rain-water. 

4. Dilute acids. 9. Living animals. 

5. Saline sglutions. 10. Flame, etc. 

NON-CONDUCTORS. 

1. Shellac. 10. Gutta-percha. 

2. Amber. 11. Silk. 

3. Resins. 12. Marble. 

4. Sulphur. 13. Camphor. 

6. Wax. 14. Chalk. 

6. Glass. 15. Lime. 

7. Mica. 16. Oils. 

8. Diamond. 17. Metallic oxides, etc. 

9. Ebonite. 

Induction. — Let us observe the effect of suspending a glass 
rod, which has been rubbed with a silk handkerchief, within a 
hollow metallic vessel (Fig. 2), which completely surrounds it, 
the vessel itself being suspended by silk cords or supported by 
glass rods, i.e., insulated. We shall now observe tliat the out- 
side of the vessel has become charged with electricity of the 
same kind as that on the glass rod suspended within it, i.e., 
positive, and that the inside has a charge equal and opposite to 
the external charge. If the glass rod be removed, no electrifica- 
tion can be observed on the vessel, inside or outside. This phe- 
nomenon, which takes place through empty space, is called 
itid action^ and the electrification of the vessel is said to be 
caused by induction. 

The silk handkerchief being awkward for experiment, let 
us next rub a piece of resin with a glass rod and suspend first 
the glass rod within the vessel. If we move the glass aroimd 
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inside the metal case, always keeping it insulated and not allow- 
ing it to touch the sides of the vessel, we shall ohserve no differ- 
ence in the charge outside, no matter whether the rod is near 
the metal sides or far away. Now bring the stick of resin also 
inside the vessel (Fig. 3) ; all signs of electrification will imme- 
diately disappear from the outside ; whicli shows us that not only 
are the charges on the glass and resin of opposite sign, but tliat 
they are numerically equal. 

Let us repeat the experiment, but now, before removing 
the glass rod from inside, let us connect the vessel by means of 
a copper wire with any very large metallic object, or even with 
the earth. Make a momentary contact, then break the con- 
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nection* and keep the vessel insulated. The outside of the 
vessel will be without charge, but on removing the glass rod a 
negative charge will appear on its surface equal in amount to 
the former positive charge. The metallic object has received 
the latter charge, and it is said to have been electrified by con- 
duction, its charge having been communicated to it through the 
copper wire. 

A body is charged by conduction, then, when its electricity 
is conveyed to it through a metallic connection, and it is charged 
by induction when the electricity upon it is the result of the 

* It Is usual to call the complete path through which the current flows from its source back 
af^ain, the '* electric circuit/* This may be composed of wires, of sheets of metal, of batteries, 
etc., etc., but the whole taken together forms the '* circuit." 
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aftion of surrounding bodies, the action taking place through 
the intervening medium and at a distance. 

We noticed that wlien the sphere was dischaiged, the glass 
rod being susix^nded withhi it, another but opposite eliai^» ap- 
peared on the surface when the glass was afterward removed. 
This shows us that when tliere are no charged bodies within the 
conductor its own charge is entirely on the surface. The same 
exiK?riment furnishes us with the l)est proof that eqiml and 
opposite states of electrification are always produced at the same 
time. For if the glass rod had been more heavily charged than 
the resin the electrification on the outside of the surrounding 
v(»ssf!l would have been positive, and if the resin had had the 
greater charge it would have been negative instead of being as 
it was, — zero. 
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Distribution of Electricity over the Surface of Conductors. — 

If we charge an insulated conductor by induction, one end will 
have a positive charge and the other end a negative chai^, the 
electricity being distributed in greater quantity (per unit area) 
at the nearest and most distant points, relatively to the inducing 
body (Fig. 4). At some point (J5) between the ends there will 
be no electrification whatever. In the figure, A is the inducing 
body, supposed to be ^wsitively charged, and B is the insulated 
metid rod. The distribution of electricitv under these circum- 
stances will be something like that shown in Fig. 5, in which 
the shaded portion about the rod represents the Active layer of 
electricity. ^ 

Faraday's Views, and Lines of Force. — We may regard the 
phenomena of induction and of electrical attraction and repul- 
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sion in either of two ways : We may suppose them the result ol' 
a direct action at a distance, or we may suppose that the influ- 
ence is exerted between contiguous molecules of the surround- 
ing medium. In the latter case the medium plays a very im- 
portant part. Both views are held, but the latter far more gen- 
erally at present than the former ; and it is undoubtedly better 
adapted to the explanation — without the use of mathematical 
symbols— of the various problems we shall have presented to 
us. Faraday, in his exhaustive work in electricity, was the first 
to recognize the importance to be attached to the medium in 
transmitting electrical actions from one body to another, and he 
pictured to himself the sfcite of the medium while these actions 
were going on. He supposed that the medium about a charged 
body was in a state of stress, and he represented to himself the 
forces acting, not as mere directions, but as a series of Imes 
which continually endeavored to shorten themselves, just as 
India-rubber bands would do. These lines he called " Vines of 
forced'* and the region around a charged body the " electric 
fielcir 

According to this view, every charged body radiates out 
from itself into space lines of force, and every line shows at any 
point the direction in which a very small body would move if 
freely suspended at that point. These lines of force have their 
origin at the surface of the charged body, to which, if the body 
is a conductor, they are — at tlie surface — perpendicular. Where 
they end electricity of the opposite kind will be found, and the 
total amount, no matter how scattered it may be, will equal in 
value the charge on the original body. Part of the induced 
charge may be on the walls of the room, some of it may be on 
surrounding conductors, but, taken altogether, the total amount 
will be the same. 

A few cases in which the lines of force around a charged 
body or bodies are known are given in the accompanying 
figures. 

The simplest case is that of a sphere suspended at a 
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distance from other bodies in the air (Fig. 6), Owing to tlie per- 
fect symmetry of the figure the Hnes oi' force are radii from the 
splicre outward, and they extend away from the surface to an 
indefinite distance in straight lines. Another very simple case 
is that of a sphere suspended within a spherical shell which 
completely surrounds it (Fig. 7). Here the lines of force are 
also radii between the surfaces, and if we suppose the outer 
shell connected with the earth there will be no lines of force 
around it ; that is, outside. Hence, all the force is in the inter- 
mediate space between the sphere and shell, and there is no force 
outside. If the interior body, instead of being a sphere, were 





also a hollow shell, there would be no force in the medium 
inside this. Another example is that of two spheres whose 
charges are in the relation of four to one and of opposite sign 
(Fig. 8).* If both charges are of the same sign the lines of 
force assume the form given in Fig. 9.* 

If we knew the number and direction of the lines of force 
at any point due to charged bodies near it, we would have a 
solution of a very important class of electrical problems. It is, 
however, only in a very few cases that we know this, and the 
calculations necessary, in even the simplest cases, are very elab- 
orate. Often, however, we can form some idea of the state of 
the surrounding medium, and by drawing, even roughly, the 

* Flgi. Sand 9 are token from Uaxwell, "Elec and Mag.," toI. 1. 
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lines of force, we can obtain solutions of a few cases accurately 
enough, and thus accompHsh in a f(?w minutes what might 
require laborious work if undertaken by mathematics alone. 
The conception of lines of force is extremely useful, and we 
shall see more and more clearly, as we take up the study of 
magnetism and electro-magnetism, how easily certain plienomcha 
can be explained by their aid. 

Potential. — We have now to take account of an idea that 
is of the utmost importance in the explanation of electrical phe- 
nomena; that is, the idea of potentiaL The conception has 
always been considered a difficult one in the study of electricity, 
though there seems to be no valid reason for this. At all events, 
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it is absolutely necessary to become acquainted with the subject, 
for many problems cannot be understood at all without intro- 
ducing the idea. The potential at a point near a body may be 
defined in either of two ways : We may define it as the charge 
on the body divided by the distance between the body and the 
point, or, we may define it as the work which would have to be 
done on a unit of positive electricity in bringing it from an in- 
finite distance to the point in question. The former definition 
follows at once from the latter, which is therefore the more gen- 
eral and the more preferable. 

Potential, therelbre, is work done, and can be expressed in 
units of work, or, if we use the so-called absolute system of 
units, to be hereafter described, we can express potential, or dif- 
ferences of potential, in centimetres — ^grammes. 
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disU-ince from other bodies in tlie air (Fig. 6). Owing to tlic per- 
fect symmetrj- of the figure the lines of force are radii from the 
sphere outward, and they extend away from the surface to an 
indefinite distance in straight lines. Another very simple case 
is that of a spliere suspended within a spherical shell which 
completely surrounds it (Fig. 7). Here the lines of force are 
also radii between the surfaces, and if we suppose the outer 
shell connected with the earth there will be no lines of force 
around it; that is, outside. Hence, all the force is in the mter- 
mediate space between the sphere and shell, and tliere is no force 
outside. If the interior body, instead of being a sphere, were 





also a hollow shell, there would be no force in the medium 
inside this. Another example is that of two spheres whose 
charges are in the relation of four to one and of opposite sign 
(Fig. 8).« If both charges are of the same sign the Unes of 
force assume the form given in Fig. 9.* 

If we knew the number and direction of the lines of force 
at any point due to charged bodies near it, we would have a 
solution of a very important class of electrical problems. It is, 
however, only in a very few eases that we know this, and the 
calculations necessary, in even the simplest cases, are very elab- 
orate. Often, however, we can form some idea of the state of 
the surrounding medium, and by drawing, even roughly, the 
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potential of the corresponding surface may be taken as zero. 
Fig. 10 shows the equipotential surfaces around a charged 
metal sphere, the sphere being supposed at a distance from other 
charged bodies. It will be seen that each of these surfaces is 
spherical, i.e., a circle, in projection. Since the equipotential 
surfaces are spherical and the lines of force about a charged 
sphere are radii, it follows that the equipotential surfaces and 
lines of force are perpendicular to each other. 

Many other cases might be given in illustration of the state- 
ments here made, but as we shall have to deal with the same 
subject more thoroughly in the study of magnetism the con- 
sideration of the matter may conveniently be deferred. 

Potential Energy. — If we charge a body placed in such a 
part of the electric field that its potential is F, say, with E units 
of electricity, the potential energy of the body will be ^ ^ Y; 
for the potential V means the work which would have to be 
done on a unit charge in bringing it from a place where the po- 
tential is zero to the point in question. If we carry E units 
instead of a single unit, the work done will, of course, be E 
times as great, but, since the potential varies from (zero) 
to V during the movement of the charge E^ we must take the 
average value of the }>otential between and V. This is i', so 
that we have for the whole work done — that is, for the energy 
of the charge — ^ E V. 

A very similar expression holds in the case of electric cur- 
rents, and we shall find the formula of considerable importance 
as we go on. 

Capacity. — Suppose we have two charged metallic disks, 
supported by non-conductors in such a way that the disks are 
parallel to one another, and separated by a certain distance 
which we will call Z). If we connect the two plates with an in- 
strument capable of measuring differences of potential we shall 
observe a certain value for this which we will call V. 

Let now — the plates being still insulated — the distance l)e- 
tween them be diminished, so that it becomes §; we shall find 
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that their difFereiice of potential will diminish also. In order to 
make the difference of potential the same as it was before the 
plates were bronght nearer together we shall have to increase 
the charges corresj)ondingly. If the distance between the plates 
had been halved the charges would have to be apinoximatcly 
doubled. This is expressed by saying that under these circum- 
stances the CAPACITY of the arrangement has been about doubled. 
AVe define the capacity of such a system of plates as tlie quan- 
tity of electricity necessary to charge tlie phites to unit differ- 
ence of potential, or, the potential of one plate being l^i, of the 
other T^, and the charge on one of them E^ then 

Capacity = 



V, -V, 



If, instead of moving the plates — ^\vhich are supposed to 
be in air — ^nearer together, we had inserted between them a 
sheet of shellac or of vulcanite, an effect of the same kind would 
have been observed ; that is, the capacity would have been in- 
creased by so doing. 

Specific Inductive Capacity. — To this quality, — namely, of 
diminishing the potential between two bodies, their charges 
remaining the same, — possessed by a large number of substances 
in various degrees, that is, by glass, spermaceti, resin, pitch, 
wax, shellac, sulphur, etc., Faraday gave the name of specific 
inductive capacity, and the medium itself he called a dielectric 
Aedium. It is very different for different bodies. Thus, culling 
.the specific inductive capacity of air unity, then, Faraday found 
that for wax it was 1.86 and for sulphur 2.24.* 

Condensers. — ^An ap])aratus, consisting of two parallel 
plates (Fig. 11) or of a hollow conductor inclosing w^ithin itself 
another conductor, the two being separated by air or otlicr 

* In the cara in which we have a mc Hum other than air between the plates of the apparatU2« 
referred to we bave to write for the capacity 

MC belQc tbe speoifle inductive capacity, the remaininf; letters as before. 

2 
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dielectric medium, is called a condenser. Condensers of this 
form have a very limited range of usefulness in practice because 
their capacity is small ; but standards are made in this way, and 
the most accurate form of instrument is that of a sphere sus- 
pended ivithin a concentric spherical shell. The capacity of 
such condensers can be calculated at once when their dimensions 
are known, and others, of forms rendering calculation impossible, 
but more convenient for general work, can be compai-ed with 
these and standardized. 

In the-constructioii of condensers it is usnal to employ a 
large number of plates and to separate them by very small 




intcr^-als. Generally, plates of tin-foil are used, these being 
separated by very thin sheets of prepared paix-r or mica, and 
several hundred of them placed together in a box. In this way 
the capacity can be made as great as we please. 

Leyden Jars. — But the best-known typo of condenser is the 
so-called Leyden jar (Figs. 12 and 13), which consists simply 
of a glass jar covered inside and outside, except near the neck, 
with tin-foil. On top of the jar is a brass knob iu metallic 
communication with the inside coating, but insulated from the 
outside metal by means of a wooden stopper, through which the 
knob passes. Such a condenser, when made with thin glass, 
may have a very great capacity, and is altogether a convenient 
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form for general work in electricity. There is danger, however, 
Ithrtt, when the glass is very thin, it may bo ruptured t>y the 
■passage of a sparlt between the coatings, if they sliould lie elec- 
trified to great differenres of potential. This alone, however, 
I'is not the only circumstance which limits the difference of poten- 




rtial which can be maintained between the outside and inside 
I of the jar; it is also limited by the leakage which takes place 
■ between the inside and outj^ide tiu-foil over the surface of tlie 
[glass. Glass, tliougli usually an insulator, conducts fairly well 
■in damp weather, ivheu the electro-motive force is \'erj' great. 

When we have to employ verj- high electro-motive forces, 
we join a number of Leyden jai-s together by connecting the 




bside coating of one with the outside of the other. This 
trrangement is known as the armngement in series or in " cas- 
»de." Fig. 14 represents a number of Leyden jais connected 
I in this way. As will be seen, the first jar has its inner 
toating connected through the knob and wire T\'ith the outer 
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coating of jar No. 2, which in turn has its inner coating 
ill metalUc communication with tlie outer coating of jiar No. 3, 
and so on. The inner surface of the last jar is connected by a 
wire with the knob -4, as shown, the knob B being connected 
with the outer coating of jar Xo. 1. 

By such an arrangement the capacity of the jars, taken 
together, is less than the capacity of a single jar in the ratio of 
the number of jars ; the difference of potential has,, however, 
become n times as great, supposing that there were n jai*s. 
This is not rigorously true, for the connecting wires have some 
capacity, but it is very small compared with the capacity of the 
jar itself. 

Instead of joining up the jars in this way we may con- 
nect all the similar coatings together; that is, all the inside 
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Fig. 15. 



coatings with one wre, and all the outside coatings with 
another, as in Fig. 15. Such an arrangement is called the 
" quantity " arrangement, but it is better to say that the jars are 
joined in " parallel arc." In this way the jars taken together 
act as one very large jar, for if all the inside coatings are joined 
together the same effect is produced as if a single jar had a coat- 
ing of tin-foil as large as the sum of the separate ones, the same 
being true for the outside. Hence, the capacity, if there are n 
jars, has been increased n times; but the difference of potential 
has remained the same as before. We may also express this by 
saying that to charge n jars joined in parallel requires n times 
the quantity of electricity necessary to charge one jar. 

Finally, we may arrange the jars combinationally according 
to both methods, as in Fig. 16. In this case two jars form a set 
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equal to one jar of twice the capacity, and the sets of two being 
joined in series give a difference of potential equal to twice that 
of a single jar. Many combinations can of course be made in 




this way, and the particular arrangement to be adopted depends 
upon the special work we may have in hand. 

We can explain the theory of the Leyden jar very much 
better by taking for discussion a more symmetrical form of con- 
denser than this. 

We have seen that if we susi^end a charged body within a hollow 
metal conductor (Fig. 17), the inner surface of the conductor in question 
will receive an opposite cliarge 'of electricity equal in amount to that on 
the suspended bodj'. Now, suppose we have two spherical bodies sus- 
pended one within the other (Fig. 18). Since the bodies are perfectly 
S3'mmetrical the charges must be evenly distributed over the surfaces, and 
the linesi of force in the space between the shell and sphere will, as pre- 
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viously shown, be radii to the two surfaces. Now, to say that the dis- 
tribution is perfectly regular is as much as to say that each unit of 
surface contains a quantity of electricity which we may call B ; B \s gen- 
erally called the " electric surface densitj'." But, the inner surface 
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having a radius i?, its area is ^ 7t B^, and hence, if its total charge is E^ 
then E = Ji.7l R^ B, Again, since we have the same quantity, but of 
opposite sign, on the inner surface of the surrounding shell we have also 

— E = ji.7t B^ B^ where B is the radius of the shell. 

We have shown that the electrifi cation on the exterior of the shell 
is indei>endent of the position of the influencing body within it, provided 
only the charge on the latter remains always the same. Furthermore, 
the direction of the lines of force in the intermediate space continues to bcj 
along the radii to the spheres, both having the same centre, whatever 
size the internal surface may have. 

Let us suppose, then, that the outer shell becomes indefinitely large, 
and that the inner one becomes smaller and smaller, so that it may 
finally be considered a point. The external effect remaining always the 
same, we observe that, instead of considering the charge over a sphere, 
we may replace this by an equal charge supposed at the centre of the 
sphere ; that is, at a point. It follows, therefore, that the potential at 

any point outside a charged spherical surface is 
|, where E is the charge and B the distance between 
the point and centre of sphere. At the surface of 
the sphere itself this distance becomes the i^adius 
of the sphere, hence the potential of a sphere due 
to its own charge is ^, A being its radius. 

According to the definition given above, the 

capacity of any system of bodies is the charge 

necessary to produce unit difierence of potential. 

Hence, the capacity of a sphere, in open space, being its charge E divided 

by its potential ^, is A ; that is, the capacity of a sphere is numerically 

equal to its radius. 

We have shown that there is no electric force within a charged me- 
tallic conductor provided there are no charges inside; hence it follows 
that the potential must be everywhere the same inside such a body. Now, 
the potential at an 3' point of the interspace between two concentric spheri- 
cal shells (Fig. 19), whose charges are respectively -f^ and — E^ and whose 
radii are A and 5, due to the inner shell, is ^, and that due to the outer is 

— f. The potential due to both is then 
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For a point on the surface of the inner shell, or within this as well, B 
becomes equal to the radius. A, and therefore the potential becomes 
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The <.-;ij)acily, l.t'liig f, may lie 
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ifliifli sliowa us that the capadly beeoiaes greatyr llie more iipnrly eqiinl 
I are A niul H ; tliiit iu, the mure the two siirrocus a|)|ironcli each othur iu 
f size. The Leyitun jnr ma.y he regarded as n pnrticiiliir fuse of tlie ]ii-oli- 
lem Just consideretl, in wliicli the nir-sptice betweeu tUc ghells is re])Inced 
by glass, the sheila themselves plityiiig the ftfvme part as the fm-roil in the 
Leydeu jar. It is therefore evident that the capacity of the jnr is ia* 
orefteed by bringing the tin-foil surfaces near together, t.e., by Dinkiiig 
tlic glass as thiu as possible. 




Electro- static machines may be divided into two classes, — 
\ those ill which the production of electricity dejicuds upon the 
friction between two surfaces, called fri^tioiuil muc/iiues, and 
I Uiose in wliich the cliavge is the direct residt of induction, called 
I ivflmiice or iiuluctioii machines. Tlie latter usually have to be 
\ independently charged at first before they will act properly. 

The theory of botli classt^s of miicliines is uncomplicated after 
the fundamental laws of static electricity have been understood, 
but especially is tliis tine of the former class. Indeed, frietional 
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macliiues require nothing more for tht-ir explanation than an 
understanding of tlic iilienomenou resulting from rubbing a piece 
of glass with silk or flannel. 

Frictional Machines. — In its usual form the frictionol ma- 
chine (Fig. 21) consists of a circular glass plate (A) cai»ible of 
revolution about its centre and provided with a " rubber " (5) 
and a metal comb ( C). The rubber is a piece of leather, ha\"iug 
on one side an amalgam made of tin and mercury, tills surface 
being in contact, under slight pressure, with the revohing glass 
plate. The comb is a rod of metal — generally brass — with 
numerous sharp points attached, which approach very near to, 
but do not touch, the glass 
di^k. The Icattier and comb 
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are connected by means of wires or metal rods with a pair of 
brass balls, sometimes called the " prime conductors," but 
better known as the poles or electrodes of the apparatus. 

The action of the machine is as follows: When a certain 
portion of the glass disk passes beneath the " rubber " it becomes 
l)ositiv£;Iy electrified and the leather negatively. This positive 
electiitiration, or charge, carried around with the plate, in ap- 
pvoacliing the mctid comb induces upon it an equal negative 
charge, wliile tlie positive charge passes toward the j)ole Z>,. '" 
metallic connection with the comb. As the chained portion of 
the plate approadies still nearer the comb the difference of 
potential at last becomes so great that tlie comb discluirges 
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itself against the plate, thus annulling the charge on the latter, 
R-liich imssc's agam undi;r the amalgam hi a neutral eomlitiou. 
BThc discharge upon the disk is facilitated by Llie points of the 
lomb, wliich are employed for tliat purpose.* 

In reality, all of the half surltice of the plate acts indnct- 
Kvely, but witli varying intensity, upon the comb at any one 
time ; but wo have considered only a small part of the disk for 
he sake of simplicity. 

It may he added that the discharge between the eoiiih and 
ihe disk takes place in ivhat is known as the bmsli discliarge, 
ivliich is a species of electric spray. 
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The rubber, which, on account of the amalgam, is a good 

londactor, transmits its negative charge to the pole D.^ and Ihe 

IJoh'S having tlius tlieir charges contimially augmented 

quire filially sucli a difference of potential that a spark passes 

Wtwecn them. The length of spark which can be ohtiiincd 
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from such a machine is limited by the leakage which takes 
place over the glass disk between its own charge and that of the 
rubber. To reduce this as much as possible a flap of oiled silk 
is often suspended close to that portion of the plate which is 
electrified, i.e., the upper half. 

Influence Machines. — Of the class induction or influence 
machines, perhaps the best known is the Holtz machine (Fig. 
22), the essential features of which are shown in the accom- 
panying sketches (Figs. 23 and 24). In its simplest form the 
apparatus consists of two varnished glass disks (^and -B), one 
of which {A) is stationary, the other {B) revolves about its 
centre. The stationary plate {A) has two openings cut into it 
(i^i^ -Bg), through which and toward the revolving plate extend a 

B A 
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pair of paper strips with pointed ends, marked Ci and C^. These 
are the prolongations of two pieces of paper, fastened to the 
plate just above the openings, and called the "inductors" 
(/>i and 2)2). Opposite the inductors, on the other side of the 
revoh hig plate, are a pair of metal combs {Fi^ F^ joined by wires 
with the poles of the machine, shown as /\ and Pg, Fig. 24. 

The action of the machine may be explained in the follow- 
ing way : Let one of the inductors be charged, — say positively, — 
and let the two electrodes be brought into contact. As a result. 
tljc comb opposite this inductor is charged negatively by induc- 
tion, and a positive charge appears at the other comb, since the 
combs are in communication through the joined electrodes 
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and the positive electricity is repelled away from tlie inductor 

itself. 

Since the combs consist of sharp points the negative elec- 
tricity upon the first comb begins to discharge itself against the 
glass plate in front of it in the form of a brush. This negative 
charge is carried around by the plate in a direction toward the 
other inductor and comb. Both of these, therefore, discharge 
positive electricity on the plate, — ^the comb upon one side, the in- 
ductor on the other, — while the inductor itself receives a negative 
charge. Clearly, therefore, part of the negative charge upon 
the front of the plate is neutralized, and the positive charge 
upon the back is carried around again toward the positive in- 
ductor. This increases the action of the positive inductor, since 
the inductor itself discharges negative 

electricity upon the plate and becomes /" — \ /^ — x 

itself more and more strongly electrified (+)♦("") 



positively. If the electrodes are now V y \.^_^ 

separated, sparks will pass between 

them. The object of having the holes 

in the stationary plate is to diminish 

the capacity of those parts of the plate fig. ^ 

which are opposite them, and thus 

cause them the more readily to give up some of their charge. 

In some cases Leyden jars are attached to the electrodes, the 

object being to increase the energy of the sparks given off. 

Current — To the passage of electricity through a conduc- 
tor tas been given the name of electric current, and in this 
sense the discharge of a Leyden jar is as true a current as is the 
movement of electricity in the wires which feed our electric 
lights and motors. There is, however, a broader sense still in 
which the term electric current may be used: we may under- 
stand it to mean any transference of electricity from one body to 
another. Thus, if we move, or mther, under the circumstances, 
allow to move, a very small body, an insulated metal sphere, 
between two electrified spheres (Fig. 25), we have, as long as 
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the motion continues, the phenomenon of an electric current 
between the globes ; that is to say, the small sphere carries elec- 
tricity from one sphere to the other, and as long as any charge 
remains tlie little ball will keep up its motion, vibrating back- 
ward and forward. Such a current may be called a convection 
current^ in contradistinction to ordinary or conduction cnrretits, 
and it has been shown experimentally that if the velocity of a 
statically charged body be great enough it will exert an action 
altogether similar to that exerted by an ordinary current in a 
wire. 

We shall, however, for the present confine our attention 
to such currents as are furnished by ordinary batteries and 
dvnamos. 
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At this point it may be well to draw attention to the 
absurdity of statements sometimes made regarding the " quality '* 
of electric currents. It is often averred that currents have vari- 
ous "qualities," the idea intended to be conveyed evidently being 
that electric currents have something of the chamcter which dis- 
tinguishes the notes of different musical instniments. This is, 
of course, absolutely ridiculous, the only character which cur- 
rents, derived from whatever source, can possibly have — if we can 
properly speak of character at all in this connection — being fully 
included under one or another of the following heads. We can 
have : — 

1. Steady cuiTcnts. 

2. Interrupted currents. 

3. Alternating currents. 
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Steady Currents. — Steady currents are usually funiislied by 
cells of ordinary type and by storage batteries, and we may repre- 
sent them in this way : Let us use the vertical Ime (Fig. 26) to 
represent the value of the current measured in any arbitraiy 
units (by means of a galvanometer, voltameter, or whatever 
measuring instrument we decide to employ). Let the horizontal 
base-line represent equal intervals of time, — minutes, or hours, 
etc. Then the horizontal line -4, drawn through the figure 4, 
shows us that the current has the same value at the end of time 
4 as at time 1, 2, and 3, — in other words, that it has not varied. 
Such a current, besides being a steady one^ is a constant current. 
There are, however, few batteries which will furnish such cur- 
rents during any considerable time, and generally the current 
continually becomes smaller and smaller, as shown in the lower 
dotted line (5), which, as it slants downward, indicates how 
regularly the current diminishes. The u])per dotted line ( (J) 
represents the current derivable from a storage battery, in which 
there is a rapid decrease during the beginning of the time (that 
is, if the current is rather strong), after which the current be- 
comes constant^ and remains so until the battery has become 
nearly discharged, when it falls to zero very rapidly. All these 
currents are steady. 

Intermittent Currents. — Of a different kind is the current 
supplied by an ordinary dynamo machine. In this case the cur- 
rent is not absolutely steady, — ^though for practical purposes it 
may be so considered, — but varies between certain limits many 
times during one second. This is due to one of the necessities 
of dynamo construction, and arises from the fact that the " arma- 
ture " of such machines consists of a number of separate coils 
of wire in which the current is periodically reversed twice in 
each revolution. Li general, however, the number of these coils 
is so large and the speed so high, and the effect is, moreover, so 
strongly modified by other actions going on in the armature, that 
the " waviness " of the current is not easily detected, though it 
is at once observable by means of a telephone. With the same 
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notation as before, the dynamo current may be represented as in 
Fig. 27. Here, as will be seen, the current is subject to peri- 
odical fluctuations of intensity, and reaches maxima and minima 
values a certain number of times within a given interval. In 
the upper curve the fluctuations are more marked than in the 
lower one, but in all such cases, when we speak of the intensity 
of the current, we mean the average intensity ; and, practically, 
the variations from the mean value are so small that we may 
entirely neglect them. 

^/temat/'ng Currents. — Still another class of currents is to 
be considered. In the induction coil, and in certain types of 
djiiamo machines, the variations of the current are very much 
more marked than in any case we have so far looked into. 
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The details of the apparatus giving such currents will be more 
fully described further on. At present we may simply say that 
the machine itself actuates two circuits, — the " primary " and 
the " secondary," — so arranged relatively to each other that any 
variation or change in the " primary " circuit produces a corre- 
sponding change in the " secondary." In general, the primary 
current is reversed, i.e., driven first in one direction, then in the 
opposite, a definite number of times per minute, and the second- 
ary current follows the same order of cliange. 

In a particular case the current will be represented by the 
curve given in Fig. 28, though often it is not nearly so regular 
as here shown. However, what it is desired to make clear is 
that the current fluctuates between fixed values on both sides 
of the zero line ; that is to say, after the current has reached its 
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greatest value at A it falls to zero at 5, after which it reaches 
again a maximum value at (7, but in the opposite direction to 
its former one. Thus, the current continually changes from a 
given intensity in one direction to the same intensity in the op- 
posite direction, and at a certain instant between these two 
epochs it becomes really zero. Currents furnished by an ordi- 
nary RhumkorfF coil are of this nature, and, indeed, tbe same 
is true of nearly all forms of induction apparatus. 

The word " current " is always used in the sense of (turrent 
STRENGTH or CURRENT INTENSTY, but it is best to define it as the 
qicantitj/ of electricity passing through a section of the conduc- 
tor in the unit time ; that is, if there are Q units of electricity 
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going through any cross-section of the circuit in a time I'epre- 

sented by t seconds, then 

Q 

Current ^= — 
« 

We can say any section, because the current in one part of 

a continuous circuit is equal to the current in any other part. 

The electric current obeys the law of continuity, according to 

which the total quantity of electricity in the universe cannot be 

increased or diminished. Thus, if we have a circuit made up as 

in Fig. 29, in which ^ is a coiled iron wire, B a stout bar of 

copper, Q an ordinary galvanometer, G a coiled piece of copper 

wire, F a silver voltameter, and Di and D^ cells furnishing the 

current, then we shall always find that the galvanometer and 

voltameter register the same current. 
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No matter in what portion of the circuit we place the gal- 
vanometer, and wherever we insert the voltameter, provided both 
are directly in the path of the current, tlie latter, as measured 
by the two instruments will always be the same. Indeed, it is 
in consequence of this fiict that we are enabled to standardize 
current measuring instruments by the use of the voltameter. 

Ohm's Law. — Suppose we have an arrangement of any 
kind that will furnish us with a steady current, and let the 
current flow through a certain length of ordinary copper wire. 
Let us include in the circuit some instrument — a galvanometer — 
wliich will measure the current passing through it. Suppose, 
further, that we have another instrument, such as an eleo 
trometer^ which will measure differences of potential or electro- 
motive forces ; and let us attach 
to the two electrodes of this a 
pair ojf wires, which can be 



D2 



^ffwnr\ 




kD 



B 




FI0.29L 



Pio. 30. 



brought in contact with the circuit conductor at different points 
along its length. We will assume that the conductor referred 
to, and shown in Fig. 30 as A E, is of uniform section. The 
arrangement will be something like that given in the figure. 
Let the wire be divided into any convenient number of equal 
parts, and for the first exj^riment let us place the ends P^ P^ 
(connected with the electrometer F) in contact with the points 
A and B, Suppose the galvanometer indicates a value K for 
the current, and let the electrometer show a difference of poten- 
tial or electro-motive force equal to E^^ so that V^ is the 
potential at A and V^ the potential at B ; then 
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Suppose, now, that tlip current remaining constant, wc keep 
I Pi still in contact witli A, but move P^ along tlie wire until it 
I leaches C. A B and B C being equal Icngtlis, we sliull observe 

■ that the electrometer gives a value for the difference of potential 

ivice as great as before, namely, E^ ^ 2 E^. Again, at D it 
Iwill be three times as great and at E four times as great, and so 
liOn indefinitely, according to tlie number of sections. 

Now, keeping everything as it was before, lot us simply 
letouble the source of elertricity ; that is, if we had one cell in 
■use before, let us replace it by two similar cells. — pi-cferably 

■ Btornge tells, for a reason to be expliiined later. The current, 
Irs sliown by the galvanometer, will be twice as great as at first, 
land the difference of potential between tlie points A and E will 
lelso be doubled. We observe, then, that the current, other things 
pbeing equal, is doubled wlieu tlie electro-motive force is doubled ; 

pii other words, it is directly proportional to the electro-motive 



Now replace the wire j1 iJ by a similar wirp twice as long, 
iind observe again the cmTcnt. It will be found to have fallen 
Kto its original value, notwithstanding the fart that the electro* 
|inotive force is higher. If, instead of having doubled the length 
|©f mre we had allowed tliis to remain the same, but had lialved 
s cross-sectional area, we should have obtained tlie same result. 
Bt af)pears, theivfore. that the wire oi)poses the flow of tlie cur- 
tent, and the more cfi'ectually the greater its length and the 
mailer its diameter. It is. in consequence, said to offer "resist- 
lice"to the passage of electrieity. and. from the experiment 
riven above, it api)ears that tbo current is smaller, the electro- 
motive force remaining the same, the greater the resistance of 
; wire through wliicli it flows. 

We could continue the experiment and prove the same 
hing for all sizes and lengths of wire and for different values 
^f the electro-motive force, but enough has been done to 
SStablish a relation between the quantities, current, electro- 
ipotive force, and i-esistance. This relation is expressed by the 
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statement that the current in any coiuludor is equal to the 

elect ro-motive force between its ends divided by its resistance ; 

or, symbolically, 

E 

and the law itself is known as Ohm's law. 

In the above experiment we have assumed that the resist- 
ance of the battery itself could be neglected, since we assumed 
that simply doubling the electro- motive force would double the 
current ; but this is not always true. In general, the resistance 
of the battery being considerable, — unless we use a storage cell, 
- — it cannot be ignored ; and in practice we shall find that the 
current is less than it would be under the hypothesis. Thus, in 
the particular case given above, if we suppose the electrometer 
disconnected, to apply Ohm's law we should have to write 

where E is the electro-motive force of the battery, R^ its own 
(internal) resistance, R2 the resistance of the galvanometer, R^ 
of the divided wire, and R^ of all the connections taken together. 
Hence it is only when the total sum Ri + R2 + Ra is very 
small in comparison with R^ that we double the current in J. ^ 
by doubling the electro-motive force of the source. 

The experiments we have just supposed made show us that 
the resistance opposed by any body — in this case a metal wire 
— to the flow of electricity through it depends upon the length 
of the conductor, increasing as this increases, and, upon the sec- 
tional area, diminishing as this increases. That is to say, for a 
given metal the resistance is proportional to the length of the 
wire and inversely proportional to the area ; we can write, 

therefore, 

I I 

B = K' or = ~ 



a 71 r^ 

1 being the length of the wire, a its sectional area, and r its 
radius, so that a zz 7t r^. -flT is a constant, depending upon the 
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nature of the conductor. If we should continue these experi- 
ments and shoidd observe the effects of using wires of different 
metals, we should find that the resistance depends not only 
upon the length and sectional area of the conductor, but also 
upon the nature of the material as well. Thus, the resistance 
of an iron wire is about six times as great as that of a similar 
copper conductor ; this means that with the same electro-motive 
force a current six times as great will flow through a copper bar 
as through an iron bar in all respects identical. 

It has become necessary, therefore, to adopt some metal as 
a standard and to compare other conductors with it, just as in 
the determination of specific gravities the density of everj' sub- 
stance is referred to that of water, whose density is assumed to 
be unity. The same thing has been done in this case, and 
silver in a chemically pure state has been selected as a standard 
of reference, which forms a basis for the comparison of the 
resistance of other metals. 

The resistance of a given substance is affected by still 
another circumstance besides its length, sectional area, and its 
metallic peculiarity, namely, it depends upon the temperature. 
In all cases, so far as known, the resistance of conductors 
increases as the temperature rises. The resistance of so-called 
non-conductors, such as gutta-percha, glass, etc., however, dimin- 
ishes with increase of temperature, and the same thing is tnie 
for all electrolytes. 

The relation between the resistance and the temperature of 
metals has been very carefully investigated, and it has been 
found that between the limits of 0° and 100° C. the increase of 
resistance with increase of temperature is very regular for any 
one metal, but that it varies considerably for different metals. 
If we call q the increase in the unit resistance for 1° C. rise in 
temperature, R^ the resistance of the wire at 0° C, and jR^ its 
resistance at a temperature {t\ then 
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Hence, to make the foregoing formula perfectly general we 
must write 

jRo being the resistance of unit length and unit cross-section. 
This is generally called tlie specific resistance. 

In some respects the electric current may be compared to 
the flow of water through a channel ; that is, the current of 
electricity obeys the laws of an incompressible fluid, and hence 
the quuntliij of electriciff/ for each unit area may be greater at 
some parts of a given section of the channel than at others. 
Since we understand by the quantity of electricity flowing 
throiigh the unit area the density of the current, we may say 
that the current density is variable at different points in the 
circuit. Wherever and from whatever cause the path of the 
current is confined within narrow limits, there the density of the 
current will be greatest, and vice versd. When the current 
density is great its path is necessarily restricted, and hence the 
resistance of the circuit is greater than it would be for a smaller 
density. 

Advantage of tliis fact is sometimes taken in the applica- 
tion of electricity to the luiman body, by varying the size of the 
electrodes through which the current passes. When it is de- 
sired to make the resistance offered to the cuiTent very small the 
practice is to use electrodes — moistened pieces of sponge, etc., 
fastened to metal plates^-of large surface, and small electrodes 
for larger resistances. In this way the area tlirough which the 
current passes can be varied, and, therefore, with it the density 
of the current. 

KirchhofTs Laws. — From what has been said previously it 
appears that tlie resistance of any circuit is equal to the sum of 
tlic resistances of its parts. If, for instance, we join end to end 
two similar wires of tlie same metal, the resistance of this part of 
the circuit will be twice as great as before. Suppose, however, 
that we place the wires side by side, as in Fig. 31. The result in 
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this cnso — assuming that the wires are exactly sirailav — will be 
that the resistance between the points A B will become half of 
wliat it was with a single wire. The current has now two patlia 
in which to travel, and since the paths are alike it will be 
" resisted" only half as strongly as if there were but a single 
patli. There is a good analogy to this bi tlie case of water flow- 
ing from a tank or reservoir through pipes. If the tank lias 
only one outlet the flow of water will be lialf as great as if it 
had two identical openings, and so on for any number. We 
isunie, of course, that the outlets are all on tlie same le\'el, so 
lat the pressure is tlie same at the different oi»enings. 

Extending the principle, we see tluit the resistance between 
:&ny4wo jtoints will diminish in the ratio of the number of con- 
ductors joining the points, 
therefore, we have any 




[number of wires (Fig. 32), with resistances, R^_ R-i, up to R^ 
] joining any two points {A and B) whose difference of potential 
I is J?, we liave. in all cases. 



Whore C,. G . 
. R^ respectively. 

0, -I- c, -t- <7, . . . C,= 
If we write for the sum 



. C„ are the currents in the wires, i?,_ E, 
Addmg these, we have 



ihe angle term ^, this becomes 



C, + Ca 



38 PRACTICAL ELECTRICITY IN MEDiaNE AND SURGERY. 

The quantity /• is called the resultant resistance of the circuit, 
and is ^ equal to the sum of the reciprocals of the different re- 
sistances of which the circuit between tlie points is composed. 
Since, however, the reciprocal of resistance is conductivity, w^e 
may say that the resultant conductivity of a circuit between two 
given points is equal to the sum of the separate conductivities 
of the wires joining these points. 

• Wires joined in this way, i.e., side by side, are said to be 
connected in " parallel " or in multiple arc. 
In the case of two wires we have 

or, 

1 ^ E^ + R^ 

r R,R, 

or, what amounts to the same thing, 

r = — -» ^» 



Ri + Rg 

that is, tlie resultant resistance is equal to the product of the 
tico separate resistances divided hy their sum. 

Hence, if the wires are equal, jB^ = ^2. ^^^ 

r = A! = :?! 
2 Ry^ 2 

i.e.y the resistance is half as great as before. For three wires 

r i?, B,^ i?, 

1 ^ B^ J?3 + E, li^ + B, J?., 
*■ -Bx ^. -Bs 

J. ^l.-^S ^_3 

i?, i?3 + El ^3 + i?, i?3 

Again, if ^j = E., = E^ then 

*" = r- — = i -Bi 
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or the resistance has become one-third as great as it was for a 
single wire. In the general case of n wires we have 

Bi B^ B^ ^n 



jSj jSg ... B^i -\- jBj ^3 . . . B^ -|- Bg B^ , . . B^ 

This may be expressed by saying that the resultant resist- 
ance of any number (n) of conductors joined in parallel is equal 
to the product of all the 7i resistances, divided by the sum of all 
the products which can be formed by multiplying n — i of the 
resistances together. This is knowi^as the law of multiple con- 
ductors. 

The foregoing statement regarding the continuity of elec- 
tric currents may be put into another form. We may express the 
same thing by saying that the algebraic sum of all the currents at 
a point is zero ; that is, if we call the currents flowing toward a 
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point (Fig. 33) positive, and those going away from it negative, 
then the sum of all the positive currents is equal to the sum of 
all the negative currents, and hence, if we add these, the result 
is zero. This is known as Kzrchhojff^s first law^ and is generally 
written symbolically thus : — 

where the sign 2 means simply summation, due regard being 
given to the signs. 

Let us now consider a circuit in which there are several 
sources of electro-motive force (Fig. 34). Let the resistances of 
the various sources be so small that we may neglect them, and 
call the resistances of the connecting wires i?i^ -^2, ^3, ^4, ^s 
shown ; further designate the potential at various points along 
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the circuit by P^, Pb^ etc We can then apply Ohm's law to 
the case in the following way : If we call the currents in the 
different wires Ci^ Q etc., we have 

Ci Ri = ^A — ^B, C^B^^=Fc — Pd^ C^R^=^Pg — Pj. 

C^R^ = Pq — Ps 

Adding these, we obtain 

(7i i?i + C7, i?, + G^R^ + G,R, =:(P^_P^) + (P^_P^) + 

{PE-PF)+{Pe-PH) 

The quantities on the«right-hand side (P^ — Pg etc.) are 
the differences of potential in the sources of electro-motive forces 
themselves, and for these we can therefore write, respectively, 
Ei^ ^ j&3^ E^ The equation then becomes 

J&j + J5;, + ^3 + ^4 = G, R, + C^R^ + C3 i?3 + C^ R^ 
which can also be written 

that is, the sum of all the electro-motive forces in any circuit is 
equal to the sum of all the products obtained by multiplying the 
separate currents by the resistances through which they are 
flowing. This is known as Kircltlioff^s second law. 

Where we have a complete circuit, as in the figure, it is 
evident that, instead of 6\^ C^^ etc., we can use a single term G 
to express the sum of the values of the currents, since the same 
current must flow through all parts as a whole. The preceding 
thus becomes 

Kirchhoffs laws are of great value in the consideration of 
many electrical problems in which complex and divided circuits 
are involved. Let us take, for instance, the case of Wheat- 
stone^s bridge. 

IVheatstone's Bridge. — Suppose we have six conductors, 
joined up as in Fig. 35. Let there be msert^d between the 
points B and C a galvanometer, and between the points A and 



wheatstone's bridge. 



41 



D a battery, the resistance of the two, with connections, etc., 
being designated respectively by K and R. Suppose that the 
current flows in the direction from 2) to -4 tlirough the batter}', 
and let the potential at B be greater than that at (7, i.e., call the 
difference of potential between B and A (that is, B — A) posi- 
tive, so that the- current flows as shown in the figure. Then 
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we have, by Kirchhoff^s first law, calling G the current through 
tlie galvanometer, and H that through the battery, 

H=C^^C,^ G=C,-C^, 0=C^-C^ 

From the second law, we obtain in the circuits A B C^ 
BCD, etc., 



^i 



B. 



R. 



i?4 



G = ^^^. H=^A 



K R 

From these equations we can eliminate Ci^ C2, C^ C^, and 
we finally obtain the relation 

Q _- ^s_^9^— ^1 -?4 

(R, + i?3) (R, + R,) +K {R, + R, + R, + R,) 

But the brid«:o is alwavs used under the condition that the 
galvanometer-current shall be zero ; hence, (? = (?, and there- 
fore 

i?3 i?2 = i?i i?4 

or, 

Ri ___R3 
R^ R^ 
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It follows, therefore, that if we know the value, in any 
system of units, of one of the resistances, R^^ R2, ^a, or R^^ and the 
ratio of any two of the remaining three, we can determine the 
value of the other at once in the same system of units. Thus, 
suppose we know that i?4 = 10 units, and suppose, further, we 
find by actual experiment that ^^ : i2i = 5 ; then we have 

as the preceding equation may be written, and, substituting the 
values just given, we get jRj = 10 X 5 = 50 units. 

In its usual form, Wheatstone's bridge consists of a wire 
of uniform section, G D (Fig. 36), stretched alongside a scale, 
divided generally into a hundred equal jmrts. This wire is con- 
nected with the resistances to be measured by means of a pair 
of heavy copper bars, Hi^ H^^ provided with binding posts, to 
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which the coils R^ and R^ may be fastened. These bars are 
made of large section, so that their resistance may be veiy small 
compared with that to be measured. The third bar, H^ is used 
to connect the resistances under experiment together, and to 
make a contact for the galvanometer. 

i?3 and J?4 represent the known and unknoAvn resistances, 
res\)ectively. B is the battery, joined up as sliown, and G is 
the galvanometer. One contact of the latter is fixed between 
the resistances R,^ and R^ and one is variable, the point P being 
movable along the wire C D until tlie two parts into which it is 
thus divided establish the sought-for equiUbrium. Tliis happens 
wlien the two lengths of the wire C D are in tlie same ratio as 
the* resistances on corresponding sides, 7?^ and R^ and under 
those circumstances there iriU be no current throiKjh the galva- 
no/ncter. Suppose, for instance, that R^ is 35 units, and that 



HEATING EFFECTS OF THE CURRENT. 43 

tlie point P occupies such a position as to divide the wire C D 
into two parts, whose lengths are 16 and 84, the former length 
being on the left-hand side ; then we have at once 

16:84 = 35 ix; 

whence, 

84 X 35 

X = — — = 183.75 units. 

16 

The wire C D must be of uniform section in order that we 
may assume the resistances of its two parts to be proportional to 
their lengths, which would not be true if the wire were thicker 
at one point than at another. 

Heating Effects of the Current — We have shown (page 30) 
tliat the energy of a charge of electricity is proportional to the 
quantity of electricity in the charge multiplied by its potential. 
In a similar way we can prove that the energy of a current of 
electricity is proportional to tlie product of the quantity of elec- 
tricity flowing multiplied by the electro-motive force under 
which it flows ; that is, if we have a current, (7, in a circuit 
whose electro-motive force is E flowing during a time, <, the 
energy given out in this time is 

C Et 

or we may say that the rate at which energy is given out is 
C E. If the conditions outside the circuit remain the same (the 
circuit itself being unchanged) this energy is all converted into 
heat ; and if, therefore, the product C E t represents energy^ we 
must multiply this by a factor to determine the heat generated. 
This factor is called tlie dynamical equivalent of heat, and rep- 
resents the number of units of heat which are equivalent to the 
unit of work or energy. The former is that quantity of heat 
which will raise the temperature of one pound of water one 
degree centigrade, and the latter, written J^ has been carefully 
determined by Joule and others. 
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From Ohm's law we can write the product C E 'm either 
of two ways. Since 

we have, by substituting for C in the equation just given, the 
expression 

Tliat is, the heat generated is equal to the square of the electro- 
motive force multiplied by the time the current was flowing, 
divided by the resistance, and divided by Joule's equivalent, J. 
Or, since E = C R^ we obtain, by substituting C R for E^ 

H= G^ Rt ^ 

which can be stated thus : The heat generated by the current, 
(7, flowing during the time, <, is equal to the square of the 
current multipUed by the resistance^ multiplied by the time^ and 
divided by J, as before. Any one of these formulae may be 
used indiscriminately, and in a particular case we employ that 
form which contains only such of the quantities (7, -B, and E as 
are given or known. 

Thus, if we know both the current and the electro-motive 
force, we use the first equation. If we do not know the value 
of the current, but have the electro-motive force and resistance 
given, we employ the second formula, and so on. 

These laws apply to a part of a complete circuit as well as 

to the entire circuit. Thus, if we know the resistance, jR, in 

any part of a circuit (Fig. 37) in whicli a current, (7, is flowing, 

' then we have, for the rate at which heat is generated in that 

particular part of the circuit, 

(7« R 
J 

If, in another part, we do not know the resistance (-Kg), but ' 



ELECTROLYSIS. 45 

find the potential at the ends of tliis part to be Vi and T'2_ we 
have for the rate of generation of heat, as before, 

J 

These formulae will be found very useful in their applica- 
tion to the actual cautery and to the calculation of the heating 
effects in the various surgical devices which are raised to a high 
temperature by means of the electric current. 

Electrolysis, — When a current is made to flow through a 
liquid a chemical change will in most cases be found to occur 
at the points where the current enters and where it leaves tlie 
liquid. This change will be different in different cases ; it may 




consist in the liberation of a gas at one or both of these points, 
or in the deposition or solution of a metal. 

Thus, if we dip two platinum plates (Fig. 38) in a vessel 
of ordinarj' undistilled water and attach the plates by means of 
a wire with the poles of a sufficiently strong batteiy, we shall 
notice in a short time that gas bubbles are beginning to form on 
both of the plates. If the current is much increased the gas 
bubbles will be formed in such quantities that they will become 
detached from the surface of the plates and will rise to the top 
of the liquid. 

If, instead of using ordinar}' water, we had immersed the 
plates in a solution of sulphate of copper, we should have 
found that the plate through which the current left the liquid 
was covered with a deposit of copper, which, under favorable 
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circumstances, would be in the form of a bright metallic film, 
while the other plate remained unchanged. In this case, with a 
current not too strong, we should have observed no evolution of 
gas at cither plate ; but if by a careful analysis or other means 
we had accurately determined the amount of copper present as 
sulphate in the solution, we should have found it diminished by 
the exact amount deposited on the platinum plate after the pas- 
sage of the current. Further than this, if we had used a copper 
plate mstead of the platinum plate which we found unaffected 
we should have observed this to lose in weight exactly* what the 
platinum plate gained ; but in this case the strength of copper- 
sulphate solution would remain unchanged. 

This action of the electric current is universal, and we 
always find that the solution through which the current passes 
tends to become weaker while one plate gains a definite 
amount of metal, the gain on one side and the loss on the other 
being exactly equivalent. It is always found that the metal is 
deposited in a certain way relatively to tlie direction of the cur- 
rent ; that is, only the plate through wliich the current leaves 
the solution receives a deposit; and, furthermore, it is found 
that the weiglit of metal so deposited is exactly proportional to 
the wliolc quantity of electricity which has passed through the 
solution. These phenomena, included under the term elec- 
trolysis, have been subjected to very careful study and meas- 
urement, and their laws have been quite fully investigated. 

Faraday called the positive plate — i.e., the plate through 
which the current enters the liquid — the anode^ the negative 
plate the kathode^ both together being called indefinitely elec' 
trodea. The solution through which the current flows is called 
an electrolyte^ the substance deposited on the negative plate — 
generally a metal — being the kafhion^ that deposited on the pos- 
itive plate the anion^ and both products of decomposition being 
ions. These terms are now very generally used. 

Polarization. — ^In the experiment cited above, of passing a 
current through two platinum plates dipping in water, we shall 
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observe that the strength of the current rapidly diminishes after 
a few minutes, and unless the galvanometer we are using is ex- 
tremely sensitive the current in a short time will apparently 
cease altogether. If we now break the circuit and take out the 
battery, then join the two plates by a wire, including a galva- 
nometer, we shall observe a current in the opposite direction to 
the former, which also, after a very short time, will become too 
small to be perceptible. This diminution of the primary current 
and production of a reverse current is due to a single cause, — 
the action? of the gas condensed on the surface of the electrodes. 
The action has led some experimenters to affirm that Ohm's law 
does not hold in this case. Such statements seem, however, to 
be unwarranted, and later investigation has shown that Ohm's 
law is just as tine for electrolytic conduction as for any other. 
In other words, it appears that the gas on the electrodes sets up 
a reverse electro-motive force, which, acting in the opposite direc- 
tion to that of the decomposing current, diminishes the effect of 
this until finally the current itself becomes so small as to be 
unnoticeable. Moreover, the plienomenon is very seriously 
affected by the quality of tlie water used, and it is found tliat 
with very pure water in the electrolytic cell a very much greater 
electro-motive force is required than if we had used ordinary 
undistilled water. 

The phenomena just mentioned are not evident when abso- 
lutely pure water containing dilute sulphuric acid and perfectly 
clean platinum plates are used in connection with a small electro- 
motive force. In this case it is foimd that after a verv short 
time the current actually vanishes. Disturbing effects are due 
to the presence of free hydrogen and oxygen gas in the liquid 
itself; but if under the conditions referred to, — i.e., if we employ 
chemically-pure substances, — then no discrepancies arise. 

The gases present on the plates (and a certain amount can 
always be found) seem to be much more intimately associated 
with the metal than would result from mere condensation, and 
seem to show something of the nature of a chemical combination. 
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In all cases of electrolysis it is found that the weight of 
substance decomposed by a given current is always the same for 
that substance, whatever may be the chemical state in which it 
occurs. Thus, if we allow the unit current to flow for one minute 
through a solution of silver nitrate the amount of silver depos- 
ited on the anode will be the same as if we had employed fused. 
silver chloride or any other salt of silver in such a state as to 
allow the passage of the electric cuiTent. It has also been 
observed that the quantity of substance decomposed by the unit 
current in the unit time — that is, one second — bears .a pertain 
definite relation to the atomic weight of the substance, and the 
quantity of an element set free under these circumstances — that 
is, by the unit current in one second — is called the electro- 
chemical equivalent of the substance. 

From this it follows that if we know the atomic weight of 
any element and the electro-chemical equivalent of some other 
substance which may be taken as a standard of reference, we 
can calculate either the quantity of electricity which has flowed 
through the substance (supposed in solution and its weight 
known), or we can determine the weight decomposed by the 
current when we know the value of the cuiTent and the length 
of time it has been flowing. On this fact depends the accuracy 
and usefulness of an instrument called the voltamefej^'* which 
is extensively employed as a means of standardizing current 
measuring instruments. 

It has been stated that electrolytic conduction takes place 
in accordance with Ohm's law as truly as does ordinary metallic 
conduction. Yet apparent discrepancies exist, and the explana- 
tion is difficult, even impossible, unless all attending circum- 
stances are taken into consideration. An apparent difficulty is 
the action before referred to, which reduces the current flowing 

* A voltameter (Fig. 38) is simply a ressel containing a very pure solution of some metallic 
f»alt (nitrate of silver or sulphate of copper being most frequently used), in which dip two plates 
of pure metal. Sometimes a metallic vessel is employed, this constituting itself one electrode. 
By weighing one electrode before and after the passage of the current, thus determining the 
loss or gain in weight, for a given number of minutes, the current which has flowed can be 
calculated at once. 
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tlirough an electrolyte after it has been running a short time, 
until it finally ceases altogether. It has been found as stated, 
however, that the i-eduction in the intensity of the current is due 
to an opposing or counter electro-motive force^ so that we have 
acting in the circuit not the electro-motive force of the source 
itself, but the difference between this and the counter electro- 
motive force set up in the voltameter. If we should carefully 
determine this difference, and then measure the current, we 
should find that Ohm's law is rigorously true in this case, as in 
all others.. Thus, if E is the electro-motive force of the source, 
e that of the voltameter (negative because in the opposite 
direction to E\ we have , 

E — e 

Current = 

r being the total resistance. 

In order to explain the plienomenon of electrolysis several 
hypotheses have been advanced, the most noteworthy of which 
is, perhaps, the theory of Clausius, which can be given in the 
following way : — 

" According to the theoiy of molecular motion, of which 
Clausius himself has been the chief founder, every molecule of 
the fluid is moving in an exceedingly irregular manner, being 
driven first one way and then the other by the impact of mole- 
cules, which are also in a state of agitation. 

" This molecular agitation goes on at all times independ- 
ently of the action of electro-motive force. The diffusion of one 
fluid through another is brought about by this molecular agita- 
tion, which increases in velocity as the temperature rises. The 
agitation being exceedingly irregular, the encounters of the mole- 
cules take place with various degrees of violence, and it is prob- 
able that even at low temperatures some of the encounters are 
so violent that on^ or both of the component molecules are split 
up into their constituents. Each of these constituent molecules 
then knocks about among the rest until it meets with another 
molecule of thq opposite kind, with which it unites to form a 
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new molecule of the compound. In ever}' compound, therefore, 
a certain proportion of the molecules at any instant are broken 
up into their constituent atoms. At high temperatures the 
proportion becomes so large as to produce the phenomenon of 
dissociation. 

"Now, Clausius supposes that it is on the constituent 
molecules in their intervals of freedom that the electro-motive 
force acts, deflecting them slightly from the paths which they 
would otherwise have followed, and causing the positive constit- 
uents to travel, on the whole, more in the positive than in the 
negative direction, and the negative constituents more in the 
negative than in the positive direction. The electro-motive 
force does not, therefore, produce the disruptions and reunions 
of the molecules, but, finding tliese disruptions and reunions 
already going on, it influences the motion of the constituents 
during their intervals of freedom. The amount of this influence 
is proportional to the electro-motive force when the temperature 
is given. The higher the temperature, however, the greater 
the molecular agitation and the more numerous are the free 
constituents."* Hence, the electro-motive force has more atoms 
on which to act, and there is a more rapid evolution of gas at 
tlie surfaces of the electrodes. This also explains why the con- 
ductivity of electrolytes increases with increase of temperature. 

Clausius' explanation of electrolysis seems to accord with 
what is known experimentally better than any other which has 
yet been put fonvard, and the theor}' of molecular agitation on 
which it depends is the foundation of the so-called kinetic 
theory of gases now very generally accepted. 

* Maxwell, "Elec. and Mag." 



CHAPTER 11. 
Magnetism. 

Magnetism was first discovered by the ancients as a property 
of a now well-known and widely-scattered mineral called the 
loadstone^ which is an oxide of iron of the composition FcsOj. 

It has long been known that if we dip a fmgment of load- 
stone into a mass of iron filings the filings will cling to the 
latter, and that they will adhere in greater nvimbers at certain 
particular regions than at others. These regions are sometimes 
well defined, and we shall obser\'e that there are always two 
spots, usually the ends, whose properties arc of an opposite 
character (as in the case of bodies charged with electricity), sep- 
arated by an interval of httle or 
even no action at all. 
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Fig. 30. Fig. 40. 

That the opposite ends of a piece of natural magnet, as we 
may call the loadstone, possess really opposite properties can be 
shown in many ways. If we allow the needle of an ordinary 
compass (Fig. 39) to come to rest and approach one end of the 
loadstone to it, it will move, and, let us suppose, it is repelled. 
After it has again come to rest* turn the loadstone end for end 
and bring it near the needle again ; the needle will be attracted. 
If we take a rod of rather hard iron and rub one end over one 
extremity of the loadstone and the other end over the other ex- 
tremity, we shall observe a similar phenomenon in the iron so 
treated. Again, let us rub one end of a bar of iron with end A 

(51) 
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of the loadstone (Fig. 40), one end over B. Treat another bar 
in a similar way. Then we shall find that the ends, both of 
which have been rubbed with A or B^ repel each other, and 
that the ends rubbed with A attract the ends rubbed with B; 
ie., like ends repel, unlike attract, exactly as we have already 
found in the case of electricity. 

The ends of a piece of loadstone, or of a bar of iron or 
steel, rubbed by it are called the magnetic poles, and the oppo- 
site extremities are distinguished by the names north and south 
poles. This, as in electricity, in which we distinguish between 
positive and negative, is merely a matter of convention. 

It is well known that if we suspend a piece of loadstone so 
that it is free to turn it will take up a definite position relatively 
to certain fixed directions on the earth's surface ; and that a rod 
of steel or hard iron which has been acted upon by a natural 
magnet, which we may, therefore, call an artificial magnet, will 
act in a similar manner. One end of the magnet will turn in a 
northerly direction, though not exactly north, and this end is 
by common acceptation called the north pole, the south pole, 
of course, being at the opposite end. 

The mariner^ s compass^ without which modem navigation 
would be an impossibility, is simply an artificial magnet sus- 
pended on a pivot and free to turn, with very httle friction, in a 
horizontal plane. 

As in electricity, so in magnetism, it is necessary to speak 
of quantity, and the unit quantity of magnetism, or unit pole, is 
simply a matter of definition to which other quantities are 
referred. 

The unit pole is defined as that pole which will repel an- 
other similar pole, placed at the unit distance from it, with a 
unit force. Thus, its value depends upon the system of funda- 
mental units ; namoly, of length, of time, and of mass which we 
may have adopted. 

If, in accordance with the notation of electrical quantities, 
we call north magnetism plus (+) and south magnetism 
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minus ( — ), then, also, we may show that the total quantity of 
magnetism in any magnet, with due regard to signs, is zero. 
The idea of two magnetic fluids is also useful in some cases, but 
we must remember that it is only for convenience that it is 
adopted, and to more readily explain the action of magnets and 
magnetic bodies. Thus, it is often assumed that there is a dis- 
tribution of these magnetic fluids over the surface of every mag- 
net, and that the quantity present on the surface varies from 
place to place. It is, therefore, very similar to the distribution of 
electricity over the surface of conductors. If by any appropriate 
means we determine this magnetic distribution, for instance, 
very roughly, by dipping a bar magnet in iron filings, and 
observing where Uie filings are most dense, we shall find it to 
resemble that shown in Fig. 41. 
Thus, the filings will adhere very 
much more strongly at the ends, and 
their density will gmdually diminish 
as we approach the centiul region, 
until, when we reach the centre itself, 
tliere is no effect observable at all. 
We assume, then, that the mcignetic 
fluids present on tlie magnet — plus fkj. «. 

at one end, minus at the other — are 

concentrated at the ends, and tliat the centre is a neutml region, 
as shown in the figure, whore the curves represent the apparent 
density of magnetic fluid along tlie length of the magnet. 

Total Quantity of Magnetism is Zero. — If wc break a magnet 
of any form whatever it might be thought from the preceding 
that, if the fracture should occur at the middle part, there will be 
no magnetism at these ends. Such, however, is not the case; 
and the magnetism at the broken surfaces will be the same in 
quantity as at the original ends, — similarly in every respect to 
what we have found to occur in electric distribution. If the 
magnet in Fig. 42 is broken in halves, each piece will form a 
magnet as strong, or nearly as strong, as the original magnet. 
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And generally, if a magnet is broken lip into any number of 
pieces, each of them will form a magnet of the same strength as 
the original magnet itself. When johied together again by their 
fractured surfaces, the original magnet will be reproduced. 
For, supi>ose the magnet N S is broken up into four pieces, as 
shown in Fig. 42, we may consider that at any point of the 
original magnet there are equal quantities of N and S magnet- 
ism present, and that, bemg equal and opposite, their total 
effect is zero. This is really the case when the broken magnet 
is restored by joining the fragments t(^ether. For at every 
fractured surface there are equal N and S poles, which neutral- 
ize each other ; and hence the only effective magnetism is that 
at the ends, which is pmctically the same in quantity now as 
before the magnet was ruptured. 



N 







It might seem that this was contrary' to the law of the con- 
servation of energy, inasmuch as it might appear that energy is 
created by the process. A little reflection, however, shows us 
that this is only apparently true, since the fragments of the 
broken magnet are not themselves magnets until they are sepa- 
rated, and in the act of separating them we do an amount of 
work equal to thiit which they could do by attracting other 
magnets. 

Lines of Magnetic Force. — In the explanation of electrical 
attractions and repulsions we made use of Faraday's idea of 
lines of force. In the study of magnetism we shall find the 
conception of very much greater value, and shall at once realize 
how materially it will aid us in the understanding of many mag- 
netic and electro-magnetic phenomena of the utmost importance. 

According to Faraday's view every magnet is supposed to 
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send ouhvard from itself •' lines of force " into the surrounding 
region. Starting from one pole, they go outward a certain 
distance, and then, curving backward in a more or less regular 
manner, they finally reach the opposite pole. The general 
directions of tliese lines of force for an ordinarj' bar magnet 
are exhibited with sufficient accuracy in Fig. 43. Fig. 44 
shows the lines of force aromid the poles of a horse-shoe 
magnet. They can be easily obtained by dropping iron filings 
on a piece of card-board held over the poles of the magnet. 
Under these circumstances the 
little particles of iron become 
themselves magnets, and direct 
themselves according to the 
direction of the magnetic force 
at the points they occupy. By 
slightly tapping the card the par- 
ticles are shifted about and are 
enabled to group themselves 
more readily, which they do in 
a very regular manner. The 
lines of force are, tlierefore, the 
directions which a magnet would 
take up, if freely suspended so 
that it could rotate under the 
action of the existing magnetic 
force. The region itself in 

which these lines of force exist, I'.e., the space surrounding a 
magnet, is called the magnetic fields and if we know at eveiy 
point the direction and number of the lines of force the field is 
completely defined. For we may take the number of lines of 
force within any given area as a measure of the relative intensity 
of the magnetic force within that area. 

These two ways of regarding the plienomenon of magnetic 
distribution are really alike, for the density of the so-called mag- 
netic fluids over a magnet corresponds with the relatiAc number 
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of lines of force issuing from its surface at different points. 
Thus, at the poles, where we have supposed the magnetic fluids, 
to accumulate, there the lines of force issuing are greatest in 
number, and this can be shown experimentally. Near the 
centre there are no lines of force, which is in agreement with 
the hypothesis that here the magnetic fluid is also absent 

Indeed, we could determine the magnetic distribution from 
the number of lines of force by supposing a unit of magnetism 
to give rise to a certain number of lines of force, which we could 
take as the unit for comparison. 

The law vvliich determines the intensity of the attraction 
and repulsion between two magnets is not so easy to prove as 
the corresponding hiw in electricity ; for we cannot separate one 
pole of a magnet from the other, that is, we cannot separate the 
two kinds of magnetism from each other. We can, however, 
approximate to this by using long, thin magnets; for then, the 
poles being nearly at the ends, are far enough apart to be 
studied separately. In a manner similar to the method of 
experiment adopted by Coulomb it is found that the attraction 
between two dissimilar poles is equal to the product of the 
strength of the poles (tliat is, the product of the quantities of 
magnetism) divided by the distance between them, squared, 
exactly as in the case of electricity. 

Earth a Large Magnet — As is well known, a magnet, when 
freely suspended, away from other magnets, will assume always 
a definite direction, relatively to the geographical meridian at 
the place. This is due to the action of the earth, which has in 
consequence been compared to a large magnet, and the directions 
of its lines of force over the greater part of the globe have 
been carefully studied and mapped out. 

Horizontal and Vertical Components of the Earth's Force. — 
There are always to be considered two components of the earth's 
magnetic force — a horizontal and a vertical component, both of 
which exert an action on a freely-suspended magnet. The 
horizontiil component is, however, much more important in 
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electrical work than the vertical, since it is this force only which 
can affect most electrical measuring instruments. This is on 
account of the way in which the magnetic needle is suspended, 
which does not permit any movement in a vertical plane. 

The direction of the earth's horizontal force is not always 
the same relatively to the meridian lines on its surface; that is, 
the magnet does not point due north and south,* and it also 
varies in the same place from time to time. This deviation from 
a true north and south orientation, at any point, is called the 
magnetic declination at that point, and occasionally the declina- 
tion is vety marked, amounting to many degrees in some cases. 
The general direction of the lines of force themselves at any 
locality is called the "magnetic meridian." 

The action of the earth on a suspended magnet is simply a 
tendency to cause rotation — if the magnet is displaced from its 
normal position — and there is no ten- 
dency whatever to cause a movement ^ 

of the magnet as a whole, because the > 

effect on the two poles are exactly > 

equal and opposite. If the magnet is kIZIs! ^ 

deflected from its normal position — 

that is, from the magnetic meridian — the force with which it is 
pulled back varies as the sine of the angle of rotation, not witli 
the angle itself It is greater the longer the magnet, and the 
stronger its magnetic poles. 

A magnetic field in which the lines of force are parallel 
and at equal distances apart is called a uniform field (Fig. 45). 
Such a field — at least throughout the small s])ace which we ever 
have occasion to consider at any one time — is that of the earth, but 
it is seldom that we can produce a field of this sort artificially, 
and then only throughout a very limited area. 

Magnetic Induction. — We have heretofore considered only 
such magnetic bodies as the loadstone itself or bodies wliich 

have been rendered magnetic by being rubbed with a piece of 

« 

* Except along two lines drawn on tbe earth's surface, whicli are called lines uf no deviation. 
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loadstone. A bar of steel, or rather hard hon, magnetized in this 
way, is said to be magnetized by induction^ and the phenomenon 
is of very mucli tlie same kind as that of electrification by in- 
duction. But in the latter case the electrification completely 
disappears on the removal of the inducing body, while here the 
magnetism is always more or less permanent. If we bring a 
piece of hard iron near a natural magnet (Fig. 46) the duection 
of the lines of force due to the latter is changed in such a way 
as to make a certain number pass through the iron itself (Fig. 47). 
The iron is said to be a better conductor for the lines of mag- 
netic force than the air, and the hues therefore tend to pas^ 
through the iron as much as possible. This is shown in the 
figures. In the first we have the normal distribution of mag- 
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nctism shown by the direction of the lines of force issuing from 
the poles N and S. In the latter we observe how these direc- 
tions have become changed, and how a number of lines, instead 
of passing directly backward from the north pole to the south 
pole, enter first the iron rod, proceed a certain distance through 
tliis, and then, issuing from its end and sides, curve backward 
and terminate at the south pole of the loadstone. We also 
observe, assuming that the lines of force have their origin at the 
north pole of the loadstone, that where they enter the iron rod 
a south pole is developed, the north pole being indefinitely 
located near the farther extremitv. 

If the loadstone is now removed the magnetism that re- 
mains re-adjusts itself, and the lines of force assume their normal 
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form, the poles being at or near the ends. The mtensity of the 
magnetization after the removal of the loadstone is not the same 
under all circumstances, but depends upon the nature of the 
magnetized body. We have supposed steel or hard iron used in 
the experiments just mentioned, and under these circumstances 
\he magnetic effect is quite permanent. It is not absolutely 
constant ; indeed, it diminishes considerably at the instant the 
magnetizing force is removed, but after that it changes under 
favorable conditions very little. If we had used a soft-iron rod, 
however, scarcely any residual magnetism would have been ob- 
servable after the loadstone had been removed to a distance. 
Soft iron is very much easier to magnetize than hard iron or 
steel, and is also very much easier to demagnetize, and this 
property is closely related to the physical hardness or softness of 
the material. According to Weber's theory of magnetism, the 
particles of iron and steel are supposed to rotate under the action 
of the magnetic force, so that their poles assume all the same 
direction. In a bar of iron not subject to magnetic force the 
particles are situated indefinitely as regards direction, — on the 
whole, as many pointing one way as the opposite. Magnetic 
force tends to turn these all in the same direction, so that the 
effects are added together, and in hard iron and steel the mole- 
cules, once rotated, do not easily regain their former directions, 
but remain as they are. However, the intensity of this residual 
magnetism, as it is called, is really a matter of degree. The 
hardest steel gradually loses some of its magnetism (it may be 
very little), and tlie softest iron always retains some traces of 
the magnetic forces which have acted upon it. There are other 
bodies besides iron and steel which are susceptible of magnetic 
influence in a marked degree. Such are nickel and cobalt, but 
their magnetic power is very small compared with that of iron and 
steel. It is not possible to magnetize veiy strongly a rod of iron 
by means of the loadstone. Very much more powerful effects 
can be secured by the action of an electric current, which, in- 
deed, is universally employed in practice lor this purpose. 
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Magnetic Action of the Electric Current-^ln 1841 Oersted 
discovered that a magnet suspended near a wire in which was 
flowing a current of electricity was acted upon by the current 
in such a way as to cause it to assume a certain definite position 
relatively to the current 

He found that if the current was passed along a straight 
wire (Fig. 48), and the magnet was near this, the latter tended 
to place itself at right angles to the current, the north pole 
always pointing in one way relatively to the direction of the 
current. The rule for finding the direction in which the north 
pole will move is as follows: If the cunent flows from S to N^ 
and is over the magnet, the north pole will move always to the 
west. On further investigation Oersted found that the angle 

through which the needle turned, 
L supposing it originally in the 





N 
Fig. 48. Fig. «. 

magnetic meridian, ^vas dependent upon the strength of the 
current, and upon the proximity of this to the magnet. The 
stronger the current, and the smaller the distance between this 
and the magnet, the greater the angular deflection. 

To understand this actioiv of an electric current, which 
may be called a magnetic action, we must again attempt to form 
a mental picture of the state of things in the medium surround- 
ing: the wire. We have alreadv seen how the lines of force 
exist around electrified bodies and around magnets, and with 
some sliuht modifications exaetlv the same thing: is true for 
electric currents, or rather for the region about the current. 

But the lines of force around a long, straight wire carrying 
a current are circular (Fig. 49); they are continuous, and can- 
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lot be said to end nor to begin at any point. That is to say, at 

'any point near a straight wiie conveying a current ol' electricity 

tlie lines of force are circles, concentric with the wire itself as 

axis, the circles having nidii which continually increase without 

"^mit. As stated before, the lines of force siirroiniding an elec- 

dc current represent tlie paths which a magnetic north pole 

^oiild follow if it could move under the influence which is 

Ltrted. 

The direction of the lines is taken as the direction in wliich 
the NORTH pole would move, the south pole being impelled in 
the opposite direclion. Hence, if we had two magnetic poles, 
a north and soutli pole, joined by some clastic material which 
ffered almost no resistance to distortion, the magnet thus 
brmed would wrap itself closely around tlie magnet, the north 
tole going in one direction, the south pole in the opposite. 

From the relation which we already know exists between 

he force at a point and the number of lines of foree at the 

oint, it is evidciil that if we double the current we double the 

pnraber of lines of force within a given sjace; and it is also 

lear that we may double the current either by doubling the 

[ow of electricity through a single wire, or by placing side by 

Ide two wires, each of which conveys the original current, 

Sence it follows that if we have a coil of wire of a gnen 

Kumber of tiu'ns, we can produce within the area of the coil a 

pimber of lines of force many times as great as for a single 

If we ha^'e a circular wire, the lines of force are still 

fcrcles very near the wire, but as their radii become larger and 

prger the circular form is departed from, and near the centre of 

Bje coil the lines of force become verj^ much flattened out. 

Two wires side by side conveying currents in opposite 
Urections ha^e lines of force around them very much like those 
own in Fig. 50. If the currents are in the same direction, 
|iG lines of force are as shown in Fig. 51. Now, according to 
he laws of the action of currents on cun-ents discovered by 
Lmpere, two parallel currents in the same direction attitict 
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eadi other, wliile two parallel currents in opposite directions 
repel each other. We can include these two laws in the single 
statement, originally due to Faraday, that lines of force tend 
always to shorten themselves. In Fig. 50 we see that the effect 
of this tendency is to drive the wires farther apart, and in Fig. 51 
to draw them more closely together, which is in accordance with 
what we know experimentally. 

In fact, these figures, 50 and 51 , are an actual representation 
of the state of things about two wires cariying currents in the 
same and in opposite directions. They show the effect which 
currents have on iron filings, and are reproductions of the 
i>ositions assumed by particles of iron in the electro-magnetic 
field. 




Let us consider a little more in detail the lines of force 
around a circular current. Their directions are clearly given 
in Fig. 52, and we cannot but observe the great simiUiiity 
between their geneml form and those due to a small magnet 
already shown. Indeed, it can be proved mathematically tliat 
a circular current can always, for points not very close to it, 
be replaced by a very small magnet suspended at its centre. ^\'e 
could, therefore, as far as tlie electrical action is concerned, replace 
the suspended magnet used in many electrical instruments by a 
small circular current. 

The magnetic force due to a single circular cuiTent is, 
however, in general, quite small, and to increase this there is 
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employed the arrangement known as a solenoid. This is merely 
a coiled conductor formed by winding a certain length of copper 
wire over a circular cylinder. Generally the adjacent turns of 
wire are much closer together than is represented in Fig. 53, 
and besides it is customary, where intense effects are desired, to 
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use many layers of wire instead of a single layer. The lines of 
force due to a solenoid are almost identical with those issuing 
from a long, thin magnet, for when the magnet is very long 
compared with its diameter the poles are nearly at the ends, and 
hence the lines of force do not issue from the sides. . 

In Fig. 54 is represented approximately the direction of the 
lines of force due to such a solenoid, and the similarity referred 
to is very apparent. 

Clearly, now, if we should place an iron rod within the 
solenoid these lines of force would pass through the iron and 
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hence magnetize it. Further, on account of the greater con- 
ductivity of iron for lines of magnetic force, more lines will pass 
tlirough the solenoid under these circumstances than if the iron 
were not present. Hence, by inserting the iron rod we make 
more lines of force in the space around the solenoid ; that is, we 
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created a more intense magnetic field. Again, if the iron is very 
soft its conductivity is very great, and the magnetic field is 
stronger than it would have been if we had employed steel or 
hard iron, but we shall find that in stopping the current its mag- 
netism will almost entirely disappear. If we had used steel 
there would have been developed, on the contmry, a very strong 
permanent effect. This is the method which is employed in tlie 
making of artificial magnets. 

It is found that if we have a large number of turns of wire 
in the solenoid and send a heavy current through it we can mag- 
netize a rod of steel far more strongly than by any other means, 
and the time required is also much shortened ; indeed, a momen- 
tary passage of the current is all that is required. 

From what has been said regarding the magnetic action of 
the electric current it appears that the intensity of the magnetic 
force within a solenoid, through wliich electricity is flowing, is 
measured by tlie number of turns of wire in the solenoid and 
by the strcHgth of the current which the coil of wire cames. 
This is strictly true of the magnetic force^ but the intensity of 
magnetism developed thereby does not follow the same law. As 
long as the magnetizing force is ^mall the magnetism produced 
in the iron core of the helix or solenoid increases in a regular 
manner with an increase in the current and number of turns of 
wire. But after a certain force, as thus measured, is reached 
the increase in magnetism becomes less marked and tends more 
and more toward a limiting value. 

What this limiting value is depends upon the quality of 
iron or steel in the helix, and it is much greater for soft iron 
than for hard iron or steel. When a magnetic body has been 
magnetized so strongly that a great increase in magnetic force 
produces only a sUght increase in its magnetism, the body is 
said to be '* saturated." 

Bahanomeiers. — We have learned from Oersted's experi- 
ments that a cuiTent of electricity in a wire tends in general to 
deflect magnets near it from their normal position to one at right 
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angles to the current, and tlie greater the cuirciit the greater the I 
aiigiilai' deflection produced. We could, therefore, construct oa 1 
this principle an instrument capable of nieasiu'ing the iflative 1 
intensity of different currents. Iiistnimeuts of this kind are noiV J 
in very general use, and are called gufvauomciers (Fig. 55). 

In its most general form a galvanometer is simply a circu- 
lar coil of wire, fixed by means of a suitable framework in an ] 
upright position, and having susjiended at its centre a magnet I 
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which can rotate about a vertical axis, Tlie magnet it* 
genemlly a small piece of steel strongly magnetized and pro- I 
vided with a pointer and a scale so tliat its position may be J 
accurately known. A small magnet must be used, so that it* | 
poles, in all positions of the needle, may be regarded as sensibly [ 
at the centre of the coil, for reasons to be afterward explained. I 
and a pointer is neceasarj' to magnify the angular rotation of i 
the needle. 
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In the galvanometer the aim is to so arrange the wires that 
the greatest effect can be secured at a given point with the 
minimum amoimt of wire, and to secure this the wires are al- 
ways arranged in the form of a circle. Generally there are 
many turns of wire forming the coil of the galvanometer, so 
tliat the magnetic force may be great. But the number of turns 
of wive as well as the size of conductor employed depend upon 
the currents which are to be measured, and we must choose our 
galvanometer with this end in view. Hence, if we wish to meas- 
ure heavy currents we must employ a galvanometer with large 
wires; first, because its resistance being generally low it does not 
materially affect tlie current strength when inserted in the cir- 
cuit ; and, secondly, because it will not be subjected to an undue 
heating by the current. If we are going to measure very small 
currents we must have a very sensitive galvanometer, and ex- 
ceedingly sensitive galvanometers must necessarily have high 
resistances, because their coils must be composed of fine wire, so 
that we may have many turns of conductor very close to the 
suspended needle. 

There was at one time a general belief, still held in some 
cases, that galvanometers of certain kinds were suitable for 
measuring currents of large "volume "or "great quantity," and 
that other galvanometers measured the "intensity" of the cur- 
rents passing through them but not their "volume." This, of 
course, means nothing. Current, according to definition, is the 
rate of flow of electricity ; that is, it is the quantity of electricity 
flowing per unit of time ; it may be a large current or a small 
current, but it can never be a quantity current. All galvanome- 
ters measure the relative intensity of different currents, and if 
the instrument has been calibrated so that every reading means 
a perfectly definite current we can calculate from a given deflec- 
tion the QUANTITY of electricity passing through it. 

In every form of galvanometer the indications of the needle 
depend upon the establishment of equilibrium between the mag- 
netic force exerted by the current in the coil and a force in a 
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direction at right angles to this, whether produced by the earth's 
magnetism, by magnets placed near the mstrument, or by 
springs, etc. 

The magnetic force exerted by a coil of wire on a needle 
placed at its centre is of the nature of what is known in 
mechanics as a couple ; that is, the forces at the two ends of the 
needle are equal and opposite. Hence, the forces tend to make 
the needle rotate about its axis, but not to move it as a whole. 
The needle, therefore, when the current is passing, is deflected 
from its position at rest, and continues to move until the force 




A' i 



■>-.L 



[A 



a 



N../ \ j^W 




Fig. 56. 



of the coil is balanced by the other forces acting, such as the 
earth's magnetic force. Thus, if the needle occupied normally 
the position represented by the dotted line A -B, Fig. 56, and 
the lines of force due to the coil were shown in direction by the 
lines L X, etc. (which are approximately parallel for a very large 
coil and a very small needle), then the needle would rotate into 
the position A B or A' B\ depending upon the relative 
strengths of field due to the coil, and due to the earth. 

In the lower figure is seen how the magnetic force of the 
coil shown by the lines L L acts on the needle. The north pole 
is attracted to the right by the force N' = Nbj the south pole to 
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the left by the force S' = S b', equal but opposite to N'. These 
forces, by the well-known laws of resolution applicable to 
such cases, have each a component along tlie len<j;th of the 
needle JV« and S a', which, bein«r equal and opposite, neutral- 
ize each otlier ; and each a component at right angles to the 
needle Nc and S c', which are also opposite, but, being parallel, 
tend to make tlie needle rotate, as shown. 

The forces due to the earth's magnetism, or whatever may 
be used to direct the needle, are perpendicular to these, and 
hence the needle will rotate until equilibrium between the two 
sets of forces is established, and will then more or less quickly 
conic to rest. 

When in use, the galvanometer is so placed relatively to 
the magnetic meridian that its own lines of force and those of 
the earth are at right angles to each other. This happens when 
the plane of the coil is directly in the magnetic meridian. It 
must be rememl>ere<l ttiat wlien we speak of the lines of force 
due to a circular currpnt as beUig parallel to any given direction, 
we mean the lines of force at the centre of the coll. for a very 
short distance on either side of the coil's plane. The lines of 
force are all really cun'cd, but for a very small part of their 
length, at the coil's centre, they may be regarded as straight, 
and, if the coil is large, as parallel. (Compare Fig. 52.) 

When the coils of the galvanometer are placed in this way, 
— i.e., parallel to the magnetic meridian, — it may be shown that 
the current is proportional to the tangent of thef angular deflec- 
tion of the needle ; and wlien so used the instrument is called a 
tangent galvanometer. 

There is, however, another way in which the galvanometer 
may be employed: we may move the coils around a vertical 
axis until the needle which was deflected by the current in the 
coils is again in the plane of the latter ; that is, the cun'ent is 
first allowed to flow and deflect the needle ; then, when the 
needle has come to rest, the coils are turned around until the 
needle again points to zero. Under these cu-cumstances the 
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current will be proportional to the sine of tlie angle of deflection. 
Sine galvanometers, since they require a considerable time for 
adjusting, can only be used when the current is steady. 

In many galvanometers there is adopted what 
is known as the "astatic" arrangement of the 
needles. This means simply that two equal mag- 
nets arc so placed with regard to each other that 
the system is not acted upon by a magnetic field 
i influencing both equally. It is necessary to have 
two equal magnets, and to place them with their 
poles in opposite directions, the two magnets being 
rigidly connected. Such a system of magucts 
(Fig. 57) suspended anywhere in a uniform mag- 
netic field, t.e., a field which is of the same intensity through- 
out, will assume one ^wsition as well as another ; that is, it will 
be in equiUbrium in whatever direction it may poiiit. 

To apply this to a galvanometer, one of the magnets is 
placed inside the coU of wu-e through which the current to be 
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measured passes, and the other is either entirely outside the 
coil (Fig. 58) or placed within another coil wound in the 
opposite direction to the first. In the latter case the mag^ietic 
effect of the current is doubled, and the magnetic force of the 
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earth, since it acts equally and in opposite directions on the two 
magnets, has no effect on the system. Galvanometers of this 
kind can be constructed with a sensibility so great that they will 
give a large deflection when there is passed through them a cur- 
rent from a single Daniell cell in series \^ith a resistance of sev- 
eral million ohms. 

In order to change the deflection of the galvanometer needle 
due to a given current we have, in geneml, to neutralize or 
increase the strength of the external magnetic field, as well as 
change its direction. This is usually accomplished by placing 
near the needle a permanent magnet, which controls its move- 
ments, and is, therefore, called a directing magnet. In this way 
we may vary the angular deflection produced by a given current 
as much as we please ; that is, we can increase the sensibility 
of the galvanometer or diminish it within very wide limits. 

Sliunts. — There is still another method of varying the sensi- 
bility of a galvanometer, which consists in the employment of 
the arrangement known as a "shunt." This is simply a coil of 
wire of a definite resistance joined in pamllel with the galva- 
nometer coils (Fig. 59). In the figure G is the galvanometer, to 
the two terminals of which (A and 5) are fastened the entis of 
the resistance or shunt (-R), the current flowing as indicated by 
the arrows. The shunt, being in multiple arc with galvanometer, 
has the effect of diverting a part of the current from the latter, 
the proportion of this to the whole current being known when 
the resistances of the shunt and galvanometer coils are given. 

According to the statement made on page 37 about circuits 
joined in parallel, it is evident tliat we can make any desired 
proportion of the total cun-ent pass through the galvanometer by 
changing the resistance of the shunt. 

Thus, if the resistance of the galvanometer is Rg and that 
of the shunt R,^ and the difference of potential at the galva- 
nometer terminals is E^ then we have for the total current 



C= — + — = E[— + -— ) 
B. R^ \li. RJ 
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which may also be written 

^ b.rJ 

hence, tlie current through the galvanometer being - is that 
part of the total current which is represented by the fraction. 



R. + R, 

This fraction is called the multiplying power of the shunt. 
It is evident, therefore, that by making E^ very small we can 
cause only a small part of tlie current to flow through the gal- 
vanometer, and by making it large we can secure the opposite 
result, thus varying the sensibility of the instrument as much as 
we please. In general, the resistance of the shunt is so chosen 
that the current through the galvanometer becomes cither j^, 
T^TT' ^^ TuVir ^f t^^ ^^^^ current, thus changing the sensibility a 
thousandfold. For example, if the galvanometer has a resist- 
ance of 100 ohms,* and we desire to reduce its deflection for a 
given current (7, 10 times, we should join to its terminals a 
shunt of a resistance equal to 11^ ohms, since then the fraction 

i?. 
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+ ^. 
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one 


-tenth. 


, namely, 
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or, 


10 R,= 
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■ E, + 100 

■ 100 



and so on for any other reduction. 

Shunts are of great value in the geneml use of galvanom- 
eters, and nearly all instruments for the measurement of cur- 
rent (and of potential) are provided with shunts as they are 
sent out by their manufacturers. 

* The " ohm " is the practical unit of resistance now universally adopted. 
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Those gah'anometcrs which have heretofore been mentioned 

'are intended almost exchisively for Uihoratory purposes and arc 

not suited to be moved about. Portable {^[ahanometers are of a 

more com|)act ibrm, and the means adopted to keep the needle 

ftat its zero position are usually different. In such cases either 

%'cry powerful directing magnet is used, so that under its 

Jifluence the needle is scarcely at all affected by the earth's 

Bingiietism, or else the needle is supported by springs which 

resist its tendency to rotiUiou caused by the current in the coil 

"of the galvanometer. Such instruments are, of course, very 

liable to derangement ; that is, the deflection of the magnet due 

given current gradually changes, because llie diii-'ctiiig 

I magnet loses gradually its magnetism. Tliis cannot be entirely 

Kavoided, but by caHbrating the apparatus frequently it is possi- 

[ble to eecure sufficient accuracy for all practical pui'poses. 

It is veiT important to remember that, as lopg as the con- 
I ditions remain the same, currents of equal vahie give identical 
IdefiertionR oil the same galvanometer. For, although the cur- 
iTeiits may be flowing through circuits whose resistances are far 
' from being alike, it is, after all, the final current wliich we are 
measuring, and, as equal currents produce equal magnetic 

I fields in the galvanometer coils, the needle must always rotate 
the same amount for the same current. Even if the galva- 
nometer needle should become weaker the statement still holds 
itrue, for, altliough it is not as strongly acted upon by the gal- 
ilranometer cum-nt when its magnetism is diminisiied, its motion 
Is also not as strongly resisted by the earth's magnetism, and a 
balance between the two forces occurs therefore indejX'ndeiitly 
of the strength of the magnet, (>., the needle, itself Of course 
_ this is tme only when external conditions are the same; that is, 
1 the magnetic field produced by the earth or by a directing 
magnet, or tlie resistance of the spring remains the same ; and 
lis we can never be sure of. Indeed, for lery accurate work 
I cannot assume the conditions unchanged even from day 
) day. 
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Suppose we have au ordiniiry Daiiiell cell joined in circuit 
with a galvanometer whose resistance, together with that of the 
coiinectitig wires, is one "ohm," Since the leastance of the 
cell itself is four ohms, approximately, the cuiTent will be 
— i- = ^ of the unit of cuireiit. Instead of speaking of units of 
current, etc., let us call the unit resistance one ohm, the unit cur- 
rent one ampere, and the unit electro-motive force one volt. Then 
tlie ahove current will be I ampere. Suppose, now, we had fifty 
cells of this kind joined in series, the curivnt hi tliis case would 
be jo'^; that is, 50 volts divided by 2(K) ohms (= 50 X 
4'H- 1), oqiml to ^ of an ampere, nearly; hence the galra- 
nometer deflection would not be very ditfei-ent in the two coses, 
altlioiigh we liave increased the 
electro-motive force fifty times. 
The reason is that, uotwith- 
stjuiding the large increase in 
elect ro-moti\'e foire, we have 
increased the total resistance of 
the circuit nearly in the same 
]iroportion, since the cells make 
up iilmost the entire resistance 
themselves. 

^m But. suppose the galva- 

^H nometer had a resistance of 10,000 otmis, then one cell would 
^H give a current of only jjIitt ampere, wliile fifty celU would 
^H give a current of -juYtss ; tl'^^t i^, almost fifty times as great. In 
^H tliis case the current would be increased approximately in pro- 
^H portion to the number of cells, for now the cells coniiiose a 
^H small part of the total resistance. 

^H GaU'anometers which are direct-reading are generally 

^B called ampere, or mill-ampere, meters, or more simply ammetei-s, 
^H the name being taken from the practical unit of current called 
^H the ampere. (See page 119.) 

^M Potential Galvanometers, or Voltmeters. — Galvanometers are 

^K used not only to measure currents, hut are also employed to 




^ 



POTENTIAL GALVANOMETERS, OR VOLTMETERS. 



75 



measure differences of potential. Tlie principal of construction 
is, however, the same, since the difference of potential is indi- 
cated by the current passing througli the galvanometer, and 
about the measurement of this we have already learned. 

In the use of the instrument for this purpose the two termi- 
nals are joined to the points wliose potential we desire to 
measure, and the galvanometer coils are therefore in multiple 
arc with the conductor, along which there exists the difference 
of potential referred to. Thus, in Fig. 61, ^ J3 is the con- 
ductor through whicli is flowing the current, and along which 
at the points D^^ Dg are the j)otentials Vi^ V^ respectively. The 
galvanometer wires are joined to the 
points Di^ Dg, G being the potential gal- 
vanometer. If Re is the resistance of the 
conductor between the pohits Di and D^^ 
and Rq the resistance of the galvanometer, 
we know from page 71 that tlie currents 
through them will be, respectively, 

^1 - ^. .^. ^i - ^ 



li. 



and— *-_ 



li. 



and the whole current will be the sum 



of these, or 



<"■-''•> (f+i:) 




Fio. 61. 



By inserting in parallel arc the gahanomcter between the 
points Vi and T^ we have diminished tlie total resistance be- 
tween these points, since the current has two paths in which it 
can flow. If the galvanometer is not joined, the whole current, 
instead of dividing itself between Rq and Rq will remain in the 
wire Re Hence, the difference of potential is less when the 
galvanometer is joined to the points than it was before. 
When the galvanometer is out of circuit the current m the 

main wire J. J? is 

V V 
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When the galvanometer is in circuit it is 



as before given, where 






Now, in the first case we have 
in the second case, 

but r is less than jBc, and hence the diflference of potential is 
less in the second case than in the first. But we desire to know 
the difference of potential exactly under these circumstances, 
hence we must see that the introduction of the galvanometer 
causes the smallest possible error. 

From the above equation we see that V^ — T^ will be. 
more and more nearly the same in tlie two cases, the more 
nearly equal are Rq and r ; that is to say, the larger we make 
Rq. If the latter is exceedingly large, then -J- is exceedingly 
small, so that we can finally neglect it, and instead of writing 

r Re Rq 
we can write, approximately, 

i= — 

r^ Re 

which is the required condition. Hence, in order to use a gal- 
vanometer to measure differences of potential, it is very neces- 
sary that its resistance be high. We must, in other words, make 
its resistance so high that the current which may flow through 
it will not materially disturb the difference of potential existing 
at the points to which it is to be joined. 
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Method of Reading Galvanometer Deflections.'* — " The read- 
ing of galvanometer deflections requires considerable method in 
order that accurate results may be obtained in making measure- 
ments. Let A and B (Figs. 62, 63, 64, 65) be two contiguous 
division marks on the galvanometer scale. Now, by observa- 
tion we can always determine without difficulty whether the 
pointer lies exactly over A or over J3, or whether it lies exactly 
midway between the two; and further, if it does not occupy 
either of these exact positions, we can judge without difficulty 
whether it lies nearest to A or to B. This is equivalent to saying 
that we can be certain of the magnitude of the deflection within 
a quarter of a degree. Thus, supposing the pointer stood be- 
tween A and J3, but nearer to A than to J3, then we should call 
the deflection A\^ and, supposing the deflection was actually very 

4^ /^ ^^^ 

Deflection =■ K A Deflection = M A. Deflection =* 9i A 

FlO. 63. FlO. 64. Fig. 65. 

nearly equal to -4, then A\ would be a quarter of a division, or a 
degree too much ; if, on the other hand, the deflection was very 
nearly equal to A\^ then A\ would be a quarter of a division, or 
a degree too little. In one case the error would be a plus one, 
and in the other a minus one, but in either case its maximum 
value would be \ only. We have, in fact, the rule that, if A 
be the smaller of the contiguous deflections A and J3, then when 
the pointer is exactly over A the deflection should be called 
'^;' if nearer to A than to -B, it should be called '-4^;' if ex- 
actly midway between A and JB, it should be called '-4J;' and 
lastly, if the pointer is nearer to B than to -4, then the deflection 
should be called *-4|;' thus, for example, if JB and A (Figs. 62, 
63, 64, 65) were the 57° and 58° division marks respectively 

* Hand-book Eleotrioal Testing, Kdmpe, p. 41. 
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on the scale, then, in case 1 the deflection would be taken as 
57°, in case 2 the deflection would be taken as 57-J°, and again, 
in cases 3 and 4, the deflections would be taken as 51^" and 
57^" respectively." 

By keeping to these instructions, then, we can be certain 
of the magnitude of a deflection within ^ of a division or 
degree. 

Dynamometers. — According to Ampere's laws of the mutual 
action of currents (page 63), we know that currents which are 
parallel and in the same directiou attract each other, and we can 




prove that this attraction is greater the greater the currents and 
the closer together the conductors cari-jiug them. This is, then, 
another phenomenon which we could make use of for the meas- 
urement of currents. Instruments constructed on this principle, 
i.e., depending for their action on the mutual force existing be- 
tween wires conveying electric currents, are called dynamometers 
(Fig. 66). Such instniments possess this important advantage 
over galvanometers : they are not subject to the errors resulting 
iVom the variable magnetization of directing magnets, etc., and 
the clianges in the earth's field. 
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Dynamometers consist essentially of two coils of wire, 
placed at right angles to each other, one of which is movable and 
one fixed (Figs. 67, 68, and 69). The movable coil, A^ is gen- 
erally quite small compared with the fixed coil, J3, and is sus- 
pended within tliis by means of two very tliin and parallel wire«, 
IF, forming what is called a hifilar suspension. These wires, 
through which the current is led to the suspended coil, must be 
thin and offer but little resistance to torsion. When heavier cur- 
rents are to be measured, the ends of the suspended coil are 
carried to a pair of mercury cups, C <7(Fig. 69), placed beneath, 
and the circuit is completed through these. In this case the 
wires, J, or, better, silk fibres, making the sus- 
pension, have nothing to do with the curi'ent. 



B 
Fig. ff7. 





Fio. 68. 



Fio. 69. 



•When the current is passed tlirough both coils their mutual 
electro-magnetic action tends to make them become pamllel, the 
rotational effort being greater the greater the current. The 
angular movement thereby resulting is resisted by the bifilar 
suspension itself, which tends to keep the coils perpendicular to 
each other. Hence, during the passage of the current the 
movable coil will swing around until a balance between the two 
forces is effected, and from the deflection we can, knowing the 
number of turns of wire on the two coils, their mean radius^ 
etc., calculate at once the current. 

The wires or silk threads of the suspended coil are attached 
to a gradi;iated circle, which can be moved about a vertical axis, 
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and which serves to adjust the coil to any desired position. In 
the use of the instrument it is customary to move the circle, G 
(Fig. 70), to which are attached the threads (the current being 
supposed to flow), until the deflected coil is brought back to its 
zero position ; that is, until it is again perpendicular to the fixed 
coil surrounding it (not shown in Fig. 70). This, as m the em- 
ployment of the sine galvanometer, cannot be done unless the 
currents are so steady that they do not change while the adjust- 
ment is being made. We can, however, provide the suspended 
coil with a divided circle and index, and thus determine at once 
the angular deflection due to the current which is passing, and 

this method is also frequently adopted, especially 
when it becomes necessary to make rapid meas- 
• urements.* 

The electro-dynamometer has a wider range 
of usefulness than any galvanometer, however 
made, because it can be applied to the measure- 
ment of alteniating currents, i.e., alternating cur- 
rents with many alternations per second. Gal- 
vanometers are entirely unsuited for this very 
j^^ ^ important kind of work, the reason being that, 

as the currents are alteraatoly plus and minus, 
— that is, first in one direction and then in the opposite, — the 
needle is rapidly impelled first to one side and then to the other, 
with the final result that it remains at rest. If the period of 
the current is large compared with the time of vibration of the 

» The formula for the Weber electro-dynamometer, in which there are two fixed coils and 
one or two— in the latter case rigidly connected— suspended coils, is 

k Gg T* 
or, 




J r\ 



Gg 



In this, C is the current to be measured, T\% the time of vibration of the suspended coil, A 
its moment of inertia as suspended, ^ the angular deflection of the coil, and O and g constants 
of tlie two sets of coils (best determined by careful measurement). As the instrument is sent 
out by the manufacturer, we have only to multiply the square root of the angle d by a constantf 
determined beforehand, in order to find the current. 
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needle, the latter will swing backward and forward, but will not 
take up any definite position. In the latter case the galva- 
nometer needle would follow the current and swing from side to 
side, but would, of course, give no permanent deflection. 

In the d} namorpeter the change of direction of the current 
has no effect, because it is changed in both coils at the same 
time. Hence, if, when the current is flowing in one direction, 
the suspended coil is driven to the right, say ; tlicn, when the 
current is reversed, the deflection will still be in the same direc- 
tion, because the lines of force due to both coils have been re- 
versed. 

The phenomenon is exactly the same as would occur if we 
could reverse the magnetism of the needle of a galvanometer 
every time the current changed its 
direction. Tims, in Fig. 71, sup- 
pose, with the current in the direc- 
tion indicated, the north pole of 
the needle turns to the right. Now 
(Fig. 72), suppose when the cur- 
rent changes its direction we re- 
verse the poles of the magnet, 

making the right-hand side a ^^^^ ^^^ 

south pole and the left-hand side 

a north pole. The lines of force are in the opposite direction, 
as shown, and the north pole will follow them ; but, the needle's 
magnetism having been also reversed, it is already in the direction 
of the lines of force, and hence does not move. 

Now, in a dynamometer, instead of a magnetic needle to be 
acted upon, we have a coil of wire, and the direction of the lines 
of force of this coil are really changed every time the direction 
of the current is changed. Hence, since the current changes its 
direction simultaneously in both coils, we have the same effect 
as if the current remained perfectly constant. 

But it must be remembered that we have all along supposed 
that the time required for the current to change from a positive 

6 
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to a negative value was very small compared with the time of 
vibration of the suspended coil of the dynamometer. If they 
are nearly equal the coil will swing around every time the cur- 
rent changes from plus to minus, and will therefore be rendered 
utterly useless for measurements. 

However, this seldom occurs in practice, since the period 
of most alternating currents is a very small fraction of a 
second. 

According to Ampere's laws, the mutual action between 
two currents is proportional to the strength of the currents 
multiplied together. Hence, we may express the action of the 
dynamometer by saying that its deflections are proportional to 

the products, or squares of currents, and 
therefore it is immaterial whether the currents 
are both plus or minus (since the product 
of two negative quantities gives a positive 
result), provided they are both plus or minus 
at the same time. 

Again, we have found that the enei^ of 
a cuiTent is measured by the square of its in- 
tensity. Consequently, since the dynamometer 
in reality measures the square of the cunent 
its indications are proportional to. the efiiergy 
of the current passing through it. In order 
to determine the current itself it is necessary to take the 
square root of the angular deflection (or its sine) of the sus- 
pended coil. 

Induction of Electric Currents. — Consider the case of a closed* 
metallic circuit (Fig. 73), including a galvanometer, and a magnet 
near it. Suppose, now, that the magnet is suddenly pulled away 
from the wire to a distance, and, after a few minutes, as suddenly 
brought back to its first position. We shall observe that the 




Fig. 78. 



* It is iiRnal to refer to a complete circuit— that is, a circuit which is continuous throug^hout 
—as a ''closed " circuit, and a circuit which is interrupted at any point as an ^* open^** or, some 
times, a broken circuit. 
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galvanometer needle will swing to one side when the magnet is 
being withdrawn, and then swing through the same angle on tlie 
other side when the magnet is being carried near to the coil. 
This eflFect is not due to any direct action of the large magnet 
on the galvanometer needle, for the same thing happens when 
the galvanometer is so far away that it cannot be so influenced ; 
and the phenomenon does ^iiot take place if the metallic circuit 
is broken at any point. Hence, by the movement of a magnet 
near a conductor we can produce a current in the conductor, 
and a current so produced is called a current of induction^ or an 
induced cun'ent 

If, instead of removing the magnet to a distance, we had ro- 
tated it or changed its position in any way, supposing it to be near 
the wire A B (Fig. 74), similar though a 
probably less-marked effects would have 
been noticed. Further, if histead of a mag- 
net we had employed anotlier circuit, C D 
(Fig. 74), through which a current was flow- 
ing {M being a battery), we would have 
produced a current in the circuit A B every 
time the circuits changed their relative 
positions, as well as every time the intensity (^V) 
of the current in C D was changed. With ^^ 

the latter arrangement we would make the 
galvanometer needle swing through the same angle, whether 
we removed histantaneously the circuit C D di great distance or 
broke the circuit completely, so that the current flowing through 
it would be suddenly stopped. 

Now, we know that the circle of wire near the magnet sur- 
rounds, in a given position, a certain number of lines of force 
due to the magnet. Again, if the circuits A B and C D are 
parallel and close together, the former has passing through it a 
large number of the lines of magnetic force resulting from the 
current .in CD, By changing the relative positions of the 
magnet and the circuit A B, or of the two circuits J. JB Und 
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C D, we alter tlie number of linos of force passing through the 
circuit A B ; that is, we alter the '' induction," as it is called, 
through it. 

These phenomena, and many others of a similar kind, can 
be included under the one general law, — when the induction 
through a metalUc circuit is changed it becomes the seat of an 
electro-motive force, the magnitude of which is proportional to 
the rate of change of induction. Instead of saying rate of 
change of induction, it is sometimes convenient to speak of rate 
of cutting lines of magnetic force, the latter statement expressing 
the idea in a more popular but less accurate way. Hence, when 
a conductor cuts across lines of magnetic force (and this may 
happen either when the conductor itself moves or the Unes of 
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force move), there is an electro-motive force set up in the con- 
ductor which will give rise to an electric cun'ent if the circuit is 
complete so that a current can flow. The direction of the 
electro-motive force depends both upon the direction of the lines 
of force and the direction of movement of the conductor. If, for 
instance, the conductor A B, Fig. 75 (Z i, etc., being lines of 
magnetic force), moving downward, i.e., perpendicularly to 
plane of paper, has set up in it an electro-motive force, as indi- 
cated by the arrow from A to 5, then on moving it upward the 
electro-motive force would act in the direction from B to A. 
Or, if the lines of force were in the opposite direction, then a 
downward movement oi A B would correspond with an upward 
movement in the former case. 

The question of induction of magnets on currents and of 
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currents on currents included under the name ehctro-magnetic 
induction has been very fully investigated by Faraday. He 
found that the electro-motive force produced by the movement 
of a conductor across Hues of magnetic force was independent 
of the nature of the conductor, and of its thickness in the direc- 
tion of the lines of force. Thus, a bar of steel an inch thick 
and a foot long would have induced in it, by being candied across 
a magnetic field, the same electro-motive force as a bar of copper 
two inches thick, but also a foot long,*both moving with the 
same velocity. The currents in the two cases, supposing the 
. ends of the bar to be joined by similar wires, miglit be very 
different, notwithstanding the equality in tlie electro-motive 
forces, because the currents depend upon the total resistances 
of the circuits. 

Since the electro-motive force induced in a wire by its move- 
ment in a magnetic field is equal to the rate of cutting lines of 
force, it is clear that it will be greatest for a given velocity when 
the conductor moves perpendicularly to the lines of force, and 
will be less and less the more oblique the direction of motion. 
If we increase the slant so that the conductor moves directly ' 
along the lines of force there is no eftect at all produced. This 
is evident from Fig. 76, where it is shown how much nearer 
together are the lines of force if we proceed in the duection 
A B than if we go along A C. 

Again, we can increase the induced electro-motive force as 
much as we please by making the conductor consist of a large 
number of turns of wire, because, since each turn of wire cuts 
across the lines of force independently, each wire has the same 
electro-motive force produced in it, and w^e have the eftect of all 
added together. Thus, if we have a circle of one turn of wire 
and another of three turns, then the electro-motive force pro- 
duced in the latter, by causing the same change of induction to 
take place through both coils, will be three times that produced 
in the former. 

If we move nearer together two pamllel circles facing each 
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other, in each of which a current is flowing, — say in the same 
direction, — the motion will be aided, as we know by the mutual 
attraction of the circles. (See page 62.) At the same time the 
induction through each of the circles changes; that is, the 
number of lines of force included by them is varied by the move- 
ment ; therefore, each circle must become independently the 
seat of an electro-motive force which will augment or diminish 
the original electro-motive force present according to its direction. 

These phenomena' have been carefully studied by Lenz, 
who announced the law that the induced currents are always 
in such directions that they tend, by their electro-magnetic 
action, to resist the change which produced them. In the case 
cited above the circuits attract each other, having currents in 
the same direction ; hence, the induced electro-motive forces 
must be such as to diminish the attraction, and, therefore, in the 
opposite direction to the original electro-motive forces. The 
total electro-motive force being the difference between the two 
others in opposite directions (the original and the induced), and 
being, therefore, diminished, has the result of reducing the orig- 
inal current, this diminution continuing as long as the motion is 
kept up. 

We can, by the application of Lenz's law, determine in 
every case the direction of the induced electro-motive force 
resulting from the action of magnets on currents, and of the 
latter on themselves. 

Faraday's and Lenz's laws also offer an explanation of the 
oft-observed phenomenon, tliat, when a cuiTcnt is made, there 
is but a very small spark ensuing, whereas, when it is broken, 
tlie spark is very noticeable, especially so when the circuit con- 
tains a coil of wire wound over a rod of soft iron. The reason 
is this : When the current begins to flow through a coil, the 
coil becomes at once surrounded by lines of force, which, in 
expanding outward, must necessarily paSs through the wires of 
the coil themselves. But this they cannot do without inducing 
electro-motive forces all along the coil, and, according to Lenz's 
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law, the directions of the induced electro-motive forces are such 
as to resist the change hy which they are caused. Hence, they 
must be opposed to the electro-motive force of the source, so 
that at the instant of contact the total electro-motive force in the 
circuit is small, and there is consequently scarcely any spark. 
On breaking the circuit, however, the lines of force collapse sud- 
denly and again pass through the wires. But the electro-motive 
force set up this time must aid the electro-motive force of the 
source, since its direction must be such as to resist the change, 
f e., the stopping of the current. Consequently, at the moment 
of breaking the circuit the electro-motive force is compara- 
tively high, being the sum, mstead of the diflFerence, of the 
induced electro-motive force and that of the source ; and hence 
the current tends to leap across the break in the form of a spark. 

The spark is diminished on closing and increased on break- 
ing the circuit by the presence of an iron rod in a coil of wire 
included in the circuit, because more lines of force are formed 
in this case, as we have already found. (See page 64.) 

The lines of force around any circuit due to its own current 
are called the " self-induction " of the circuit ; hence the greater 
the self-induction the greater the spark-length. 

Induction Coils. — The rapid passage of lines of magnetic 
force across a conductor resulting in the production of an in- 
duced electro-motive force in the metal has a practical applica- 
tion, and a very important one, in the induction coil, better 
known as the "Ruhmkorff Induction Appamtus." 

The Ruhmkorff coil (Figs. 77 and 78) consists, m its usual 
form, of an electro-magnet, c, the magnetizing Gurrent flowing 
through the wire A {B being the battery), sun'ounded by a 
number of turns of, generally finer, wire, a a. The circuits are 
entirely independent, having no metallic connection whatever 
with each other, and the circuit, A A^ which conveys the mag- 
netizing current around the mass of iron inside it, c 6, is called 
the primart/ circuit, while the circuit a a is called the second- 
ary. Sometimes the coils are so arranged that one can slide 
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over the other so as to completely surround it, or can be moved 
off to a considerable distance, as in Fig. 79. In order to render 




the action between the coih susceptible of a still greater varia- 
tion the secondary coil is olU-n pivoted so that its axis may be a 
prolongation of that of the primarj' coil, or may make any de- 
sired angle hi a horizontal plane with this. 
As a rule, the primarj' coil is mnde of quite 
thick wire, and consists of a comi»imtively , 
small number of turns; the secondary, how- ■ 
ever, is of nmch finer wire and has a large 
number of turns. In tlie circuit of the 





primarj' coil there is inserted one or more cells of a battery, B 
(Fig. 80), and it includes also a contact-breaker, A* The latter 
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is simply a small vibrating knob of iron, H^ which is moved 
backward by the action of a spring, S^ and when released 
strikes against the core of the electro-magnet. Being iron it is 
attracted by the iron core, (7, where this is magnetized, and is 
pulled away by its spring when the core is demagnetized, since 
the core then loses its attractive influence. The object of the 
vibrating lever, K^ is to periodically stop the primary current, 
which it does by breaking contact at some point, /r, in the 
circuit. Such an arrangement is on this account generally 
called a " make and break." 

The mode of action of the coil is as follows: The lever L 
is first pulled back so that the contact is made at K and the cur- 
rent allowed to flow through the 
primary circuit. The current thus 
flowing magnetizes the iron core, and 
this pulls the piece of soft iron on c j^^ ||h 
the lever over until it touches the 1 aaaaa\ 

core. But at this moment contact at ^" — *■ 

K is broken so that the current stops, 

the core loses its magnetism, and the 

little iron armature is again drawn 
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backward by the action of the spring, ^^^ ^ 

S, As it moves backward it makes 

contact at K again, the current flows once more, and the same 

series of phenomena is repeated. This making and breaking 

of the primary cuiTent can be made to take place with any 

degree of rapidity desired by changing the period of the 

swinging lever. 

Now, every time the current is made, lines of force shoot 
outward from the coil and cut across the wires of the secondary 
circuit. Hence (page 84), the secondary circuit becomes the 
seat of an electro-motive force, first in one direction, then in the 
other, according as the lines of force are moving inward or out- 
ward. It is thus an alternating electro-motive force. The mag- 
nitude of this depends upon the number of turns of wire in the 
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secondary coil, and upon the number of lines of force sent out- 
Avard by the primarj^ circuit in the unit time ; that is, it depends 
upon the rate of change of induction through the secondary 
coil. 

The electro-motive force thus induced in the secondary cir- 
cuit may be many times as great as that existing in the primary 
coil. Indeed, it is an easy matter to increase it from the electro- 
motive force of a single cell to that of several thousand cells ; 
all that is necessary is to have a large number of turns of wire 
in the secondary circuit, And to make the lines of force move 
very quickly. The latter is secured in two ways: first, by making 
the armature vibrate quickly, and, secondly, by employing for the 
iron core of the primary circuit a bundle of soft-iron wiies in- 
stead of a solid iron rod. The bundle of wires is much more 
rapidly magnetized and demagnetized than a solid core woidd 
be, and we have an explanation of this in the known relations 
existing between the direction of lines of force and the direction 
of the resulting currents. For, the same lines of force which 
move inward and outward and thus produce electro-motive forces 
in the secondary circuit tend to give rise to currents in the mass 
of the iron core itself. Thus, every time we have an electro- 
motive force in a given direction produced in the secondary cir- 
cuit we have an electro-motive force in the same direction in the 
iron core. Now, by Lenz's law these electro-motive forces tend 
to produce currents in such directions that they resist the changes 
by which they are caused. Therefore, when a piece of iron is 
magnetized or demagnetized by electro-magnetic action the cur- 
rents induced in its own substance are in such directions as to 
diminish for the time being the magnetization and also the de- 
magnetization. But if we so subdivide the magnet that these 
currents cannot flow freely in it we make the iron capable of 
assuming its final state so much the more rapidly. This is the 
province of the bundle of iron wires, their lengths being per- 
pendicular to the directions in which the currents tend to circu- 
late. 
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We must not suppose, because the electro-motive force in- 
duced in the secondary circuit is so many times as great as that 
in the primary, that we have, by this means, increased the eu' 
ergy of the currents. In reality, under the most favorable cir- 
cumstances, the efficiency of the usual RuhmkorfF coil is about 
65 to 70 per cent. 

Although we have a very high electro-motive force induced 
in the secondary circuit, the current in this is very small, and 
we know that the energy of a current depends not upon the 
electro-motive force, nor upon current-intensity alone, but upon 
the product of these two. So in the induction coil, if we should 
actually measure the energy in the secondary wires we shoidd 
find it always less than three-fourths that of the primary. In 
most cases, 25 per cent, at least of the energy of the primaiy 
current is lost, and, although it is converted into some other 
form of energy (mostly heat), it is not available in the secondary 
circuit. 

Only a small electro-motive force is required to maintain 
the current in the primary circuit, one or two cells being ordi- 
narily sufficient. Nevertheless, an account of the way in which 
its wires are coiled over a mass of iron (page 64) the electro- 
motive force due to its own self-induction may be considemble, and 
a spark may pass between the points of the contact ];)rcaker {K) 
from this circumstance. In this way the metal surfaces become 
worn away, or corroded, so that finally a good contact cannot 
be made. To avoid such action, as far as possible, the points 
at which the circuit is opened and closed are sometimes im- 
mersed in alcohol, which greatly lessens the difficulty. One 
pole is connected with a cup containing some mercury, covered 
over with alcohol, while the other pole is a rod which makes 
contact by dipping into the mercury, and in this way the 
destructive sparking is almost completely avoided. 

As stated before, the electro-motive force of the secondary 
coil (a. Fig. 78), in many kinds of induction apparatus, is 
regulated by varying the distance and angular position of the 



92 PRACTICAL ELECTRICITY IN MEDICINE AND SURGERY. 

secondary coil with regard to the primary. It is very easy to see 
that, as a consequence, the number of lines of force passing 
through the secondary coil will be subjected to great changes. 
It is, however, an error to suppose that the number is propor- 
tional to the distance between tlie coils; that is, that the 
electro-motive force will be twice as great, say, when the dis- 
tance between the coils is halved. As a matter of fact, so long 
as one coil surrounds the other, the changes in the electro-motive 
force induced in the secondary are nearly proportional to the 
distance between the centres of the coils. But when the sec- 
ondary coil has moved so far over the primary that the two coils 
are end for end, the eftect becomes suddenly very much reduced. 
Figure 81 represents the relation between the electro-motive 




DISTANCE 

FIO. 81. 



force of the secondarv coil, and the distance between it and the 
primary, for an ordinary Du Bois-Reymond coil, supposing the 
same current to flow always through the latter. 

On the horizontal line are measured the distances between 
the coils, and along the vertical line the corresponding electro- 
motive forces produced in the secondary. At the one coil 
completely surrounded the other; at about D the secondary has 
been moved so far over the primary that they are end for end. 
The small change in the electro-motive force ailer this point is 
reached is clearly shown in the figure, which is taken from a 
test of a Du Bois-Reymond apparatus. The reason of this is, 
that the lines of force due to the primary current do not extend 
outward very far from the ends of the magnet core, but the 
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greater number proceed from pole to pole in the shortest pos- 
sible paths. At any rate, only a lew hnes extend outward 
to a very great distance from the magnet core. Hence, after 
the coils have become actually sepamted, i.e., after they are 
placed end for end, there are but slight differences in the electro- 
motive forces produced in the secondar}- coil for greater distances 
between them. 

Another method of regulation, one used xery extensively in 
small induction coils made for medical purposes, consists in the 
employment of a copper or brass cylinder wliich is capable of 
sliding over the iron core of the primary coil. In Fig. 82, M 
is the soft-iron core of the primary circuit, P, surrounding which 
is the metal cylinder, (7, which can be pulled out as far as de- 
sired, and S is the secondary circuit of fine wire. Tlie object * 
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of the metal cylinder is to shield the iron core from the mag- 
netic influence of the current in the primary circuit, w^hich it 
does by preventing the lines of force from reaching the iron. 
They are retarded in their movements, in their sudden expansion 
and collapse, by the currents which they themselves produce in 
the copper cylinder as they tend to pass through it, and, there- 
fore, do not reaoh the iron beneath. Hence, by varying the po- 
sition of the copper " damper," as it may very appropriately be 
called, we can shield as much of the iron as we please from 
magnetic influence, and thus reduce the number of lines of force 
passing through the secondary circuit at will. When the shield 
is pushed in as far as possible, the iron core is scarcely at all 
magnetized ; the apparatus has virtually become an induction 
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coil vnthoiU an iron core, and it therefore gives low electro- 
motive forces.* 

* In speaking of the induction coil, it may not be out of place to refer to the inaccnrate 
statements sometimes made regarding the nature of the secondary current,— statements which 
are often utterly absurd. It is claimed, for instance, that the character of the secondary cur- 
rent depends upon the size of wire used in the secondary windlns:, apparently irrespective of any 
change in the electro-motive force itself. A winding of thick wire is supposed to have some 
physiologi(^ influence which a coil of thin wire could never exert, etc 



CHAPTER III. 

Batteries and Cells. 

Primary Batteries. — Although until recent years the primary 
hattery has bprn the only available source of electricity (leavhig 
out of consideration electro-static machines and thermo-electric 
apimratus), tliere h&vti been made very lew improvements of 
any importance since the first battery came into use. There 
are many kinds of primary batteries, but the principle of all is 
the same, and it depends in every case upon the establishment 
of an electro-motive ibrce at the 
surface of Repamtion of two metals, 
or of a metal and a fluid. 

The question as to the scat 
of elertro-motive force in a battery 
is still in an unsettled condition. 
It is claimed by some that the dif- 
ference of potential is established 
by the mere contact of dissimilar 

I subBtan<;es; others look toward 
chemical action for an explanation, ^.^^ 

I and perhaps the majority believe 
tliat botli chemical action and contact are nen 
in the phenomenon. 

Be that as it may, it is easy to prove that when a metal is 

I plunged into a fluid which is caiwble of chemically attacking 

I it, a difterence of potential is set up between the metal and the 
fluid. The extent of this difference depends upon the nature 
of the metal and of the fluid, but is constant, at a given tem- 
perature, for the same substances. 

Primary batteries may very conveniently be divided into 

I two groups, called res^x^ctively one-fluid and two-fluid batteries. 

(95) 
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One-Uuid Batteries. — Cells containing a single fluid— in 
general, dilute sulphuric acid — are made by dipping two different 
metals into the liquid, the metals being usually in the form of 
flat or cylindrical plates, and being provided with binding posts 
to which tlie circuit wires may be attached. 

It has been stated that if we immerse a plate of zinc and 
a plate of copper into water containing a little sulphuric acid 
(Fig. 84), there is set up a difference of potential between the 
metals. Tliis difference of potential acts, outside the cell, from 
the copper to the zinc; that is to say, the copper is the positive 
electrode, and the zinc the negative. Outside the battery, 
therefore, tlie current flows from the copper to the zinc, but 
inside the cell it flows from the zinc to the copper. This is 





expressed by saying that the electro-motive force between the 
zinc and the dilute acid is greater than that between the copi>er 
and acid, which causes the tendency of a current in tlie dii'ec- 
tion from zinc to copper through the acid. The electro-motive 
force of the cell is, consequently, the difference of potential be- 
tween the zinc and copper. The cliemicai actions which take 
place in a cell of tliis kind are, first, the formation of sulpliate 
of zinc, by the action of the acid on the negative plate, and, 
(K,-condly, the liberation of hydrogen gas at the positi^'e plate. 
Tliiw, the zinc is continually being converted into sulphate of 
zinc, and this loss is — leaving out local actions — proportioned to 
tb': wliole quantity of electricity which has passed through the 
cc-U. 
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The internal resistance* of most one-fluid batteries is very 
high, and the current which can be obtained from them is neces- 
sarily limited thereby. In order to diminish this resistance as 
much as possible, the zinc and copper plates are sometimes 
arranged in the form of a spiral, so as to present a very large 
surface for the passage of the current (Fig. 85). Thus, by allow- 
ing the spirals to be separated by only a small interval, the 
internal resistance can be made as small as we please. The 
elect romotive force of the battery is independent of the size of 
the plates and of their distance apart, since it depends solely on 
the nature of the metals used, and their temperature. The only 
end which can be attained by the employment of large plates is 
a corresponding reduction in the internal resistance of the 
battery, on which depends the intensity of the current which 
tlie battery can furnish. It is nearly always an advantage to 
have a battery with a low internal resistance, if this can be 
secured without detriment to other important features of a good 
cell. 

There are serious objections to almost all one-fluid cells ; 
they are as follow: '"Firsts the gradual dilution of the acid solu- 
tion, which renders it less and less capable of acting on the zinc 
plate ; secondhj^ the increase of internal resistance due to this 
extreme dilution of the acid ; thirdlfj^ the deposition of zinc 
from the solution of zinc sulphate, or other salt, on the copper 
plate, which tends to diminish the effective electro-motive force 
of the plates, inasmuch as, instead of having a circuit made up 
of zmc — acid — copper^ we have finally an almost inert cir- 
cuit, zinxi — acid — zinc (practically two plates of the same metal, 
instead of different metals); a,nd^ fonrfldt/^ the 'polarization' 
of the copper plate, as it is called." This polarization is simply 
the formation of a film of hydrogen on the copper plate, which 
not only increases the internal resistance of the cell (hydrogen 
being comparatively a poor conductor), but also tends to 

* The resistance of a K^vanic cell is called its internal reHatanoe. Th's is the resistance 
which is opposed to the flaw of the current through the cell itself, i.e., from one pole, or elcc- 
trode, to the other. 

7 
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diminish its electro-motive force. The reason of this is that the 
electro-motive force of copper-hydrogen is in the same direction 
as that of copper-sulphuric acid, and both being opposite to 
zinc-sulphuric acid the total electro-motive force is diminished 
by this amount. All these things make most cells of the one- 
fluid tj'pe very unreliable, for not only is their electro-motive 
force variable, but also, as shown, their internal resistance, both 
of which should be as constant as possible. 

Tliese difficulties have been, to a gi-eat extent, overcomG in 
some recent one-fluid .cells, which will be described later. 
(See page 102, Fig. 91.) 

Two-Huid Batieries. — Many of the obstacles presented in 
the use of one-fluid batteries are overcome by replacing the 




single fluid b^ two fluids In these batteries two solutions are 
employed ind they are separated from each other either by 
takmg advantage ol their difFeient specific gravities or by means 
of porous earthenware vessels. 

Daniell Ce//,^ProbabIy the best-known type of the two- 
fluid cell is tliat called the Daniell Element (Fig. 86). In this 
cell the fluids are a saturated solution of sulpliate of copper, 
CS, and a semi-saturated solution of sulphate of zinc, ZS. 
In the co])per-sulphatc soltititm is placed a sheet of metallic 
copper, C, and iti the zinc-sulphate solution a mass of zinc, 
Z, these two metals forming t!ie electrodes of the cell. The 
general forms in which these cells are made are shown in Figs. 
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87 and 88, The only real difFcrcnre between the various styles 
are the methods of keeping; the solutions separated. This is 
done in Fig. 86 by means of an earthenware vessel, P, which, 
being porous, docs not offer a very great resistnnct^ to the cur- 
rent, )"ct prevents to a great extent the mixture of the solutious 
by diffusion. In all the figures Z is tiie zinc electrode, gener- 
ally in tlie form of a ring, provided with three or four projec- 
tions, which extend outside the rim of the glass jar and keep it 
in place. C is the co])per electrode marked +, consisting 
simply of a copper plate or disk having fastened to it an insu- 
lated copper wire, which extends upward bej'ond tlie liquid in 
the cell. This wire is covered witli some insulating material, 
such as gutta-percha, which prevents the wire itself from coming 
in contact with the zinc-sulphate solution. 

In the bottom of the cell and surrounding the copper plate 
is the coppcr-sniphate sokition, (75, which is kept in a Battu^ated 
condition by being in contact with some crystals of the salt, which 
dissolve as the snhition becomps weaker. In Fig. 86 tlie copper- 
sidphatc solution is kept within the jiorous vessel, and outside 
this is the zinc-sulphate solution ; hut in the other two figures 
(iMgB. 87 and 88) the zinc-stdpliate sohition, having a smaller 
specific gravity than the copiK-r-sulphatc solution, floats on the 
top of this without the aid of a sepamting medium or diaphi-agra. 
In the figures, B is the binding-post to which the circuit wires 
may be attached. 

Fig. 88 is intended to show a form ot Darnell cell whicli is 
very convenient for testing purposes, esiiecially when many cells 
are required. It is made of an ordinary drinklng-glass, and is, 
therefore, much smaller than the usual cell. It is, however, in 
all other respects identical with those described. 

In general, the resistance of these cells is quite high, 
amounting to about five ohms. It can, however, be diminislied 
indefinitely, just as in tlie case of one-fluid cells, by using very 
large metal plates and placing them ^ery close together. 

The chemical actions going on in the Daniell cell aje as 
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follow: The zinc plate becomes oxidized, and, under the acrion 
of the sulpliunc acid, is gradually converted into sulphate of 
zinc. The sulphate of copper is deromposcd into oxide of 
copper, which breaks up further, so that in the end cop\>er is 
deposited on the copper plate. This, tberefoie, grows lai^er 
at the expense of the copper-sulphate solution, wliich would tluis 
become weaker were it not for the pi'esence of the crystals of 
salt. At both plates gases are fonned, in consequence of the 
action of tlie sulphuric acid on zinc at one electrode (the nega- 
tive), and of the breaking down of the eop|X'r sulphate into 
HjSOj (sulpliuric acid), copper and oxygen at the other. 

But oxygen and liydrogen are separated out fiora tlie water 
at the negative and positive electrodes respectively, and the hy- 
drogen thus fonned combines with the 
oxygen from the oxide of copper, and hence 
forms water hack again, the same thing 
taking place at the zinc pole. Tlius, no 
free ga3 appears at either electrode, and the 
phenomenon known as polarization, which 
consists in the deposition of gases on the 
surfaces of the metallic plates, and which 
is so grave an objection to tlie one-fluid 
batter}', is thereby avoided. If the sohitions are kept constant, 
and the plates carefully looked afler, tlie Daniell cell will give a 
practically constant electro-motive force for very long periods. 
But it requires much attention. 

Grove Cell. — Another very well known ceil, especially bo 
in its variously modified forms, is that called the Grove cell 
(Fig. 89j. 

In this cell (Fig. 90) the two active fluids are diluted sul- 
phuric and nitric acids, S and iV. and the metals immersed in 
them are respectively zinc and platinum, ^and P. 

The acids are se^mrated by means of a porous cup, C, and 
the general form of the battery is shown in Figs. 90 and 91. 
Here Z represents the zinc plate, a circular cylinder having 
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a longitudinal elit along its whole lengtli in order to allow the 
siilpliuric acid, S, in whicli it is immersed to circulate fic'ely on 
botli sides oi' it. C is the porous cup separating the nitric acid, 
N, within it from the sulpluiric acid, S, outside, and P is the 
phitiniim electrode, which is simply a. rod of platinum provided 
with a binding-post. 

The reactions which take place in this cell are the conver- 
sion of zinc into sulphate of zinc and the combination of the 
hydrogen formed at the negative pole — the platinum bar — ^^vith 
nitric acid to form water and hyponitric acid. In consequence, 
the evolution of nitrous fumes, in large quantities, accompanies 
the use of this style of battery, because only a part of the gases 
p liberated are ab8orl)ed by tlie water. 

j/t The platumm is not attacked by the 




acid, and will, therefore, last indefinitely. But the zinc is likely 
to be rapidly consumed unless carefully amalgamated. 

The value of the Grove cell consists in its low internal re- 
sistance (which in cells of ordinary size i« less than a quarter of 
an ohm) and its high electro-motive force (which under favorable 
conditions is nearly two volts). The nitrons fumes given off 
during tlie action of the cell, which are not only disagreeable but 
dangerous, are the objection to its use. Furthermore, although 
the electro-motive force is high under favorable cirmmstances, it 
diminishes greatly when the concentration of the acids falls be- 
low a certain value. 

Bunsen Cell. — In the Bunsen cell the platinum electrode is 
replaced by a stick of carbon, otherwise the Bunsen and Grove 
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elements are exactly alike in their arrangement. But the electro- 
motive force of the Bunsen cell is somewhat greater than that 
of the Grove, an advantage which is, however, counterbalanced 
by its higher iutenial resistance. 

Chromate of Potash Cell. — Another very similar cell is quite 

extensively employed in place of the preceding, because it is free - 

from the objectionable nitrous fumes referred to. In this cell 

(called the bi-chromate element) instead of nitric acid a solution 

of chromic acid — formed previously by the action of sulphuric 

acid on potassium chromate — is used in the porous cup, and into 

^ this is placed the carbon rod. Moreover, 

r j the sulphuric acid is frequently replaced by 

^ I a saturated solution of common salt. This 

cell lias also an electro-motive force of about 

two volts, — more accurately, 1.^7 volts. 

Chlon'de of SHver Battery. — A battery 
which gives a practically constant elettro- 
motive force during a large number of 
hours' use is a modification of the chloride 
of silver cell brought into prominence by 
De la Rue some years since. Tlie cells as 
now manufactured in this country are rei)- 
resented in Fig. 91. Here (? is a glass 
vessel about three-quarters of an inch in diameter ami two or 
three inches long, provided with a double stopper, the lower 
one, O, being composed of resinand resin-oil, and the upper, S, 
of plaster of Paris. The vessel contains a paste made of flour 
and sulphate of zinc, into which dip the metal electrodes. 
These are rods or plates of zinc, Z, there being two of these, 
and between them is a rod of chloride of silver, A. A silver 
wire is attached to the silver-chloride electrode, and passes out 
through the stopper. 

To the zinc electrodes are fastened copper wires, carried 
through the stopper in the same manner. These cells have an 
electro-motive force of almost exactly one volt, and are said to 
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In the use of batteries it often becomes important to arrange 
ft number of cells in such a way tliat through a given external 
resistance we may obtain the largest possible cun'ent. We have 
found from Olim's law that the current which is furnished by a 




certain eloctro- motive foree is not only dependent upon the 
elcetro-motive force itself, but also niym the resistance through 
which the current must How. Hence, since the internal resist- 
ance of the bfittery must be included in the circuit, the maximum 
current is not a question of the heaping up of electro-motive 
forces, but of aiTaiiging the cells so that the electro-motive force 
is greatest when the resistance is least Now, cells can be 
armnged in three ways: they can be joined with their poles 
positive to negative, positive to negative, and so on, in a chain, 
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which is called arrangement "in series" (Fig. 95); they can be 
joined, all tlie positives and all the negatives together, called 
"in multiple arc" or "abreast" (Fig. 90), or, finally, they can be 
joined partly in seiics, partly abreast (Fig. 97), 

Series Arrangement — Suppose we have v cells joined, ns 
sliown in the figure 95, i.e., the copper of one cell to the zinc 
of the next, and so on. Let the electro-motive force of each 
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cell be E^ its internal resistance r ; and suppose the external 
resistance is R, Then we have evidently a battery with n times 
the electro-motive force and n times the internal resistance of a 
single cell. Hence, by Ohm's law the current is 

n E 

R -\- n r 

Now, if R is small compared with r, the value of this does 
not differ greatly from -^^ ; that is, from ^; hence the current 
from n cells is, in this case, but a slight increase over the current 
from one cell, and no advantage has been gained by the process. 
But if R is very great compared with n r, then the fraction 
becomes nearly ^^, so that it is almost n times as great as if we 
had used only a single cell. Hence, in this case, i.e., when the 
external resistance is great, there is an advantage in using a 
large number of cells in series. 

Multiple-Arc Arrangement — In this arrangement all the zinc 
poles {Z) are joined to one wire and all the copper poles ( C) to 
another, these two wires themselves forming the new poles (Fig. 
96). In this way the electro-motive force remains the same as be- 
fore, ^.6., that of a single cell, E^hwi theintenial resistance, suppos- 
ing there are n cells, has been diminished n times. The effect of 
joining the cells in this way is to make one large battery or 
cell, the area of whose plates has been increased ?i-fold. If the 
external resistance remains, as before, equal to i?, we have again, 
bv Ohm's law, 

Current = 



and, as before, the current obtainable depends upon the relation 
of R to r, — i.e., of the external to the internal resistance. Thus, 
if R is great compared with r, there is no advantage in joining 
the cells in this way. But if R is small compared with r, the 
current will by this means be increased nearly n times, exactly 
the reverse of what occurred with the arrangement in series. 

Combinational Arrangement — ^In this case the cells are ar- 
ranged partly in series and partly in parallel (Fig. 97). Suppose 
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we have n m cells in all, and of these m are joined in series, and 
therefore n in paiuUel. Then we have, by the application of 
Ohm's law to the case, supposing the external resistance to be i?, 
and the internal resistance of one cell r, 



Current = 



m E 



n m E 



^ + 



m r 



n R -{- m r 



and, as before, the value of the method of joining the cells de- 
pends entirely upon the relations existing between R and r ; that 
is, between the total resistance of the batterv and the external 
resistance. When the latter is known, the best way to join up 
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Pio. 97.— Three Cells in "Series," Two in "Parallel." 

tlie batteiy is to make its final resistance as nearly as possible 
equal to the given external resistance. This equality can always 
be approximated to, and the more nearly equal the resistances 
may be, the larger will be the current from the battery through 
that particular external resistance. 

This rule does not apply to the storage battery, because we 
have in this case to consider also the maximum discharge-rate 
for which the cells are suited. Their internal resistance is so 
low as to be generally negligible, and if the external resistance 
should have about the same value, the cells would be "short- 
circuited " and probably be irretrievably damaged. 



CHAPTER IV. 

Storage Electricity. 

Sforage Batteries, or Accumulators. — ^\"e \\a.ve a clear fore- 
shadowing of Uie storage battei7 (Figs. 98, 99, 100) in the ex- 
periment menlionod nn page 91, in which it was observed that a 
reversed euneiit of electricity could be produced by two platinum 
plates immersed in dilute sulphuric acid after the piiniarj current 




has been stopped, and the plates subsequently joined by a metallic 
vnre outside the fluid. In this case, the very marked enfeehle- 
ment of the primary current, as well as the production of the 
reverse current, was traced to the action of the layers of gas de- 
posited on the surface of the plates. It was pointed out, how- 
ever, that there was probably no chemical combination between 
the gas and the plates, though this condition was approached in 
the close relation existing between the film and tlie plate, 

(107) 
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This state of thiags differs from the phenomena occurring 
ill the storage battery, inasmuch as in the latter there w a chenai- 
cal change going on at the surface of the two plates which 
affects the plates themselves ; and it is upon this change — as 
long as it is a reversible one — that the value of the battery 
depends. 

It is, therefore, altogether eiToncous to call an apparatus, 
made as the so-called storage battery is made, a storage battery 
or accumulator, or to speak of stored electricity at all under 
these circumstances. There occurs, as far as we know, no 
storage of electricity whatever in this or in similar cases; in- 
deed no electrification can be observed in the plates of which the 
battery is composed. In other words, the "storage" cell has 




become the scat of a more or less reversible chemical change, 
and as long as chemiciil action is prevented there is no elec- 
tricity in the cell. 

The only known apparatus, as far as electrical de\ices are 
concenied, which may be properly called a storage batteiT. is 
the Leydeu jar. Here, as well as in similar arrangements called 
condensers, there is an actual accumulation of electricity, and 
the quantity which can be tluis "accumulated" or "stored up," 
upon a given area, depends upon the distance apart of the sur- 
faces and the nature of the medium between them, but not on 
the nature of the conductor itself 

Nothing of tliis kind holds true in the storage battery, but, 
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as the apparatus referred to by that name is so well known, it 
will be advisable to retain the term. 

Plants Type of Cell. — Some years ago a French electrician, 
Gaston Plant6, constructed a storage cell which may be said to 
have been the first practical one (Fig. 101). This was made of 
two sheets of lead immersed in dilute sulphuric acid. Through 
this arrangement an electric current was passed for a certain 
length of time, after which it was found that one plate had be- 
come oxidized, the other remaining practically unaffected. Tlicn 
the current was passed through the cell in the opposite direction, 
with the result of oxidizing the plate before imacted upon, and 
of reducing the oxide previously formed on the other plate to 
the condition of spongy lead. The process was repeated a num- 
ber of times, and it was found that the capacity of the cell — that 
is, the length of time it would furnish a current of a given inten- 
sity — was increased, within certain limits, proportionately to the 
number of times the charging opemtions were repeated. Tlie 
final result of the action of the charging current was seen to be 
the formation of a rather thick layer of spongy lead on one 
plate, and of lead oxide on the other. Two plates in this con- 
dition are ready for use in the storage battery of the Plante type. 
The plates are then said to be "formed," and the operation 
just described is known as the process of " forming the plates." 
The plate with the layer of oxide upon it is called the positive 
plate^ and that with the spongy lead tlie negative plate ; that 
is to say, during discharge the current flows from the plate con- 
taining the oxide, through the circuit, and into the cell again 
by means of tlie spongy-lead plate. But during the process of 
charging the current flows into the cell through the positive 
plate, I.e., the oxidized plate, and out through the other. Now, 
during the charging operation, the positive plate becomes partly 
oxidized, the negative being more or less reduced to the con- 
dition of spongy lead. During the ensuing discharge the posi- 
tive plate has a portion of its oxide reduced to a lower form 
of oxide, and some of it is reduced to spongy lead, while the 
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negative plate is partially oxidized. . Thus, there is an alternate 
change, backward and forward, from lead to oxide of lead, and 
from oxide of lead to metallic lead again, which, as before re- 
marked, is the essential feature of the storage battery. 

Faure's Cell. — The Plante battery has the objection of re- 
quiring a very long time for the process of formation. To 
avoid this, Faure, also a French electrician, conceived the idea 
of coating the plates mechanically with lead salts, so that he 
could by this means materially shorten the time subsequently 
required to bring the plates into the proper condition. 

At first Faure simply coated the lead sheets with lead ox- 
ides, so that there >vas but little mechanical support for these 
salts. Later, he employed plates with holes cut into them, 
technically called "grids," and plates of this kind, variously 
modified, especially in regard to the shape of the cavities, are at 
present almost exclusively employed. 

In the cell as now used the lead plates are cast into molds 
of tlie required shape, their size vaiTing with the kind of cell. 
After the plates are cast they are filled in with the lead oxide, 
or " active material," as it is called. This consists simply of an 
oxide of lead mixed w ith sufficient sulphuric acid to render it 
somewhat pasty. The paste is then mechanically pressed into 
the cavities of the plate, which are then rendered smooth. Two 
oxides of lead are generally employed : for the plate, which is 
to become, in the cell, the positive electi'ode, red lead Ph^O^ is 
used ; while in the negative plate there is used the yellow oxide, 
PhO. Afticr these oxides have been suitably "filled" into the 
plates, the latter are regularly " formed " by passing a current of 
given intensity through them when immersed in dilute sulphuric 
acid. On the completion of this process the plates are ready 
for use. 

Sometimes, in the manufacture of storage-battery plates, 
the interstices, instead of being cast into the plates, are the re- 
sult of mixing some compound soluble in water with the molten 
lead (such as common salt, NaCl) and afterward dissolving this 
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out. In this way the resulting pores are of irregular form, and 
appear capable of retaining the oxides of lead, afterward 
pressed in, more effectually than the pores of the usually regular 
shape. The plates of the storage cell are all connected in par- 
allel ; that is, the positive plates are all joined by a lead strip, 
forming one electrode, the negative plates being joined in a simi- 
lar way to another strip, so as to make up the other electrode. 
Any number of plates can, of course, be joined together, with 
the result of increasing the area of the electrodes a proportion- 
ate number of times, and this increase means a corresponding 
diminution in the internal resistance of the cell itself 

The chemical reactions which go on in the storage battery 
are still incompletely known, but it seems generally believed by 
those who have given the subject the most careful. study that 
tlie chemical changes do not end with the conversion of Ph^O^ 
into. P6O2 on the positive plate, and of PhO into Ph on the 
negative. There is always a quantity of sulphate of lead formed, 
during discharge, on both plates, and, according to Gladstone 
and Tribe, and others, this reaction is that on which the working 
of the battery depends. It lias been found that, after discharge 
has been continued to a certain extent, there is on the negative 
plate a mixture of spongy lead and sulphate of lead, and on the 
positive a mixture of sulphate and undecomposed lead oxide. 
These changes may be represented by the chemical equation, 

Pb + ^H^SO^ + PbO^ = 2PhS0^ + 2H^0 

In support of this view, it can be readily proved that the dilute 
acid in which the plates are immersed always grows weaker 
during the discharge of the cells. 

While the cells are charging the reverse phenomena occur, 
namely, on the positive plate the sulphate becomes oxidized 
with the formation of sulphuric acid, thus : 
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and on the negative the sulphate becomes reduced also with the 
production of sulphuric acid, 

There is, further, a local action going on at the surface of the 
plates, between the metal of the "grid" and the lead oxide on 
the positive electrode itself, 

Fb + PbO^ + 2H^S0^ = 2PbS0^ + 2H^0 

Here, also, there is a formation of sulphate of lead. This phe- 
nomenon offers an explanation of the well-known fact that in 
a storage cell the " formation " of the plates frequently continues 
even after the current has been stop^^ed. 

Another important reaction taking place in these cells is the 
formation^ of peroxide of lead on the negative plate, which 
results from the oxidation of sulphate during discharge. It is 
this formation which causes the phenomenon of residual dis- 
charge, so marked in most forms of storage cell. The peroxide 
of the negative plate tends to establish equilibrium between 
itself and the positive plate, even before the sulphating is com- 
plete and before tlie positive peroxide has disappeared. Thus 
the electro-motive force gradually falls. But aft;er an interval 
of rest the negative peroxide becomes converted into sulphate, 
from the local action between itself and the metallic lead, and 
the electro- motive force reaches its normal value again. Tlius 
the cell is once more able to furnish a large current, with, 
however, a recurrence of the same series of phenomena. 

This action increases with increase in the discharge-rate; 
hence, the electro-motive force falls very rapidly when very 
heavy cuiTcnts are taken from the cell. 

The electro-motive force of the lead, lead-oxide storage 
cell, varies considerably with the conditions under which the 
cell is used. In ordinary working the electro-motive force may 
be taken as equal to 2 volts. 

During charge, especially toward the end of the process, 
the electro-motive force rises much above this value, and when 
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the cell is discharging it falls below, and continues to do so 
until, when completely discharged, its electro-motive force is 
zero. The figure (102) represents two curves taken at random 
from a series of tests of several well-lvnown types of storage 
batteries. The curve A shows how the electro-motive force 
rises during charge until it reaches the value of about 2.] volts, 
after which a further continuation of the process is a waste of 
current. Curve B represents the variation of electro-motive 
force during a discharge. It will be seen that, according to 
this, the potential remains rather constant at about 1.90 or 
1.95 volts for the greater part of the time of discharge, and 
that when it begins to fall it falls very rapidly. These dis- 
charge curves are, however, very indeterminate, since their form 
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depends altogether upon the intensity of the current taken from 
the battery. If this is great the electro-motive force falls very 
rapidly, and even at the start diminishes j^erceptibly in short 
intervals of time. On the other hand, if it is small, the electro- 
motive force remains nearly constant at approximately 2 volts 
for nearly the whole time of discharge. 

In the practical use of the battery it is advisable never to 
push the discharge so far as indicated on this curve. A\'hen the 
electro-motive force falls to 1.8 or 1.7 volts the batterv should 
be disconnected and ai once recharged, for the battery suffers 
when, in disuse, it is in an uncharged state. 

The capacity of a storage battery is generally measured in 
ampere-hours; that is, by the number of hours it will supply a 
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cuiTCut of given intensity. Thus, a battery whose capacity is 
said to bo 100 ampere-hours is one which will furnish a current 
of 10 aniperes for 10 hours, or a current of 5 amperes for 20 
liours, or a current of 25 amperes for 4 hours. These examples 
are, however, not all identical, for a cell which might give 10 
amperes for 10 liours, would probably give 25 amperes for only 
3 hours, and 50 amperes, perhaps, during only 1 hour. In other 
words, the capacity diminishes with the intensity of the current 
used, just as the electro-motive force was shown to do. More- 
over, it is usual on the part of the manufacturei's to specify the 
intensity of the current which they believe best suited for their 
cells, and the capacity of the battery reaches its normal value 
only when the discharging current does not exceed this. ' 

The value of the current which the cell is best suited to 
furnish dej^ends upon the character of the plates and their size 
and number, and is called the discharge-rate. A higher rate 
can be used for discharging than for charging without detriment 
to the cell. It is determined, as stated, for a particular cell by 
the size and number of the plates, and is based upon a current 
of given intensity per square centimetre of surface of plate. It 
has been found that when this value of the current is exceeded 
there is much waste of energy in the decomiK)sition of the water 
and other iiTcversible actions, as well as a rapid deterioration 
of the plates. 

The discharging rate best adapted to the ordinary lead plate 
(pasted), as now made, is about 25 amperes per seven square 
feet of total surface. 

When a current of this proportionate value is employed 
the cells do no " boil " perceptibly — that is, do not freely give 
off gas, which of course represents a dissipation of part of the 
energy of the current — until the charging is complete. The 
cell is completely charged when its electro-motive force — ^with 
proper charging rate — reaches the value of 2.5 volts ; after this, 
whatever current is put into the cell is wasted. 

On the other hand, if a too weak current is used, there is 
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again much waste of energy, and, indeed, the cliar^, as meas- 
ured in iimpt'i-c-iioui-s, may greatly exceed tliat which tlie cell 
ought to obtain. 

Tliis is due to defective insulation, which It is almost im- 
possible to <Hini[)lctely guard against; however, as a eharging- 
rate tvhicli is too ^mnll means simiily a loss of energy, wliile an 
excessive mte means, in addition to this, great danger to the life 
of the battery, wc should be, on the whole, careful to liave tlie 
1 error ou this side. 




The internal resistance of tin nrdiiiary form of commercinl 
storage battery is very low, being, lor a cell Tvith 19 plates of the 
size 7 by 9 inches, about .002 or .003 of an olim. It varies with 
the number of plates, i.e., tlic total surface exposed to the current, 
and with their distance ajiart, and is a little greater during 
charge than discharge. It is, therefore, impossible to state its 
value accumtcly unless these conditions are known. 

As stated, the density of the acid surrounding the plates 
becomes greater and gi-eater as the clmrging progi-esses, and 
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wlicii the cell is fully charged it should rearh the value 1200 j 
Baume. 

In replenishing the liquid it is only necessary to add ivater 1 
to the cell, unless by excessive '• bubbling " some acid may have I 
been thrown out. In general, only the water is la*-!, since tho 1 
arid docs not evaporate, and hence we have only to replace tliis. I 
Tiie avemge density of the solution should be about 1175, and | 
when it falls to near 1100 the cell should be inimcdiateiy re- j 
charged, 

yor some classes of medical work, and in such other work 
as may require currents ranging from 25 mUliampeves up to 
2000 or 3000, a storage-cell, similar to that shown in Fig. 
103, is very suitable. These cells contain three ■ 
or five plates, — two or three negatives and one or I 
t\i'o positives, — and are proxidcd witii a screw or 1 
India-rubber cap at the top, through which the I 
gases formed during cliarge can escai»e. The | 
case itself is of " Iiiird lubbcr." and is almost | 
water-tight, the only opening being the ca\*t 1 
which is removed only when necessary. TheJ 
diraensiona of tlu^se cells are about as follow:! 
Height, seven inches; width, four inches; thick-', 
ncss, three inches ; and each cell weighs I 
about ten or fifleen pounds. The capacity is nlwut two orl 
three ampere-hours, so that even at the maximum rate for J 
which these small cells are intended they will furnish a current! 
of 1 ampere continuously for at least two or three hours. As 1 
in all atoi"age batteries, so in this type, the electro-motive foi-ce | 
for an average discharge is about tivo volts. "When these cells 1 
are employed regularly it is advisable to liave iwo batteries J 
of tlie required number of cells, so that one battery may bej 
charged wliile the otlier is in service. If it is necessary to era-' 
ploy an electro-motive force of 80 or 100 volts, forty or fifty of J 
these cells could be arranged in a case of not excessive size. 
These cells are also very useful when it is desired to use a 
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search-lamp (Fig. 104) for illuminating the cavities of the human 
body. One electric lamp furnishing a light equal to about one 
candle can be easily supplied from two of these cells, and 
kept burning continuously for about three hours. The lamps 
must be mounted on a suitable fmme, wliich should have a key 
by means of which the current could be turned on or off, as 
desired. 

Electrical Units. — It has been sho^vn on page 6 that, pro- 
vided all the quantities are measured in the same units, we can 
write, for the force acting between two bodies whose charges 
are q and qi^ and whose distance apart is r, 

We must therefore define our unit of force. This is done 
according to Newton's first law of motion, which is stated thus : 
The unit force is that force which, acting for unit time on tlie 
unit mass, produces unit velocity. It therefore depends upon 
the imits of length, of mass, and of time. At the present day 
these are, throughout the entire scientific world, the centimetre 
for unit length, the gramme for unit mass, and the second for 
unit time. The first two are included in the French svstem of 
measurement. In terms of these units, therefore, Newton's law 
may otherwise be stated in these words : The unit force is that 
force which, acting for one second on a mass of one gramme, 
produces a velocity of one centimetre per second. This is called 
one DYNE, and the system of measurement based on these units 
is called the absolute system. ' 

Hence, we define the unit quantity of electricity as that 
quantity which will exert on an equal quantity, placed one centi- 
metre from it, the force of one dyne. 

The unit potential is, therefore, the potential at a point one 
centimetre away from a unit charge,* since 

r 

* On a very small body. 
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These electrical units, being based uihui tlic unit quantity I 
of electi'icity and tlie force exerted by two units at a luiit dis-l 
tance ajxirt, are called electro-.static units. We tan, however, I 
base our measuronients upon tlie unit magnetic jKile, defiuin^J 
the unit pole in the same \vay, by calling it that pole which] 
exerts on another similar pole at unit diii^tiuice the unit ibrce.! 
This system of units is called the clectTO-niagnctic system, \ 
Now, it is found in pmcticc that the unit current, and the uniti 
electvo-motive force, and the miit i-esistiince, when founded on 1 
the so-called absolute units, or, better, the C, G., S. (meaning 
centimetre, gnvnime, second) system, are either too small or too 
large for ordinary use. Electricians h&vc, therefoi-e, adopted 
certain muUiplos ov submultiplcs of these as being more con- J 
venient for the pnrimses of electrical measuicmcnt ; and we I 
must not think on this account that there arc too many standards, 
nor that those which have been selected finally ait; nnnecc-ssarlly 
arbitrary. The value of any system of units is dependent iqwu 
the extent to which it is accepted tliruughout the world, and by. J 
tins rule the value of the absolute system is great indeed, siuc( 
it is the only system used to express svivntific measurements;^ 
The so-called practical units adopted by electricians everywhere,! 
and based on the C, G., S. system, are now uniTcrsally employed'! 
in the measurement of electrical quantities. ■ Therefore, r cuireufe I 
or a resistance, when measured at any place, is directly compar- 1 
able with any ottier current or resistance measiued at some | 
widely different place. 

As stated, in the electro-magnetic system of units the quan- 
tities, current, resistance, potential, etc., are deduciblc from the j 
laws of the action of two magnetic [wles uiion each other, and I 
of the action of a cunent of electricity on a magnetic needle I 
suspended near it. From these two laws, and the application [ 
of Ohm's law, given on page 3'i, we ran at once define the I 
units referi-ed to. Those which are actually used in pmcticc are, 
however, given in the following tqble, togetlier witli their 
relations to the C, G., S. units ; — 
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Resiatiuiee (Olim), . 
Cnri'oiit (AtDporvJ, 
Eletjtro-raotive force (Volt), 
(Quantity {Coulomb), 
Capwcity (Farad), 



1,IJOI},UOO.OOO = !«• 

,'b = 10-» 

100,000,000 = io-» 

tV = 10-' 



These practical units are again subdiviilcd lor convenience, 
and new values are used, vvliose relation tu these is Ibund by 
multiplying or by dividing the jmrticulur unit by one million, 
AMien it is multiplied the term mega is prefixed to tlie unit 
to express this fact, and when divided tlie term micro is used. 
Tims, one mega-ohm, or megohm, as it is written, means 
1.01)0,000 ohms, and is a quantity very much used in the meas- 
urement ol' liigli resistances, such ns the iusnhilioii resistance of 
wires and cables covered with India-rubber or gutta^ix-'rcha 
compounds, etc, ; that is to say, the word megohm is used to 
express the resistance of coniimrative non-conductors. As a 
rule, however, we have to deal with resistances much less than 
a megohm, so that they can usually hv cxprnsst'd as so many 
ohms. Aeeording to the most recent dctermhiation of this unit, 
an ohm is tlu; i-esistante of a column of pure mereury one 
square millimetre in cross-section aud 106.25 centimetres long, 
at a temperature of 16° C. Some practical idea of the value 
of an ohm may be formed from the statement that the resistance 
of a pure copper wire 48-5 metres long mid 1 millimetre in 
diameter is almost exactly an ohm. 

The unit of electro- motive force, the volt, is seldom used 
as a multiple or a submultiple. The electro-motive force of a 
Uaniell cell in good order, or of a chloride of silver element, is 
almost exactly one volt, and tliat of a storage cell while 
di^icharging is a)>ont t^vicc this. 

The ampere, the practical unit of current, is also seldom 
subdividrd, except, liowever, in medical electricity, where tlie 
one-thousandth of an arapfire, called a milliampere, is the unit 
geuciiilly adopted. Fur most medical work an ampere would 
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be an excessive current, except in the employment of the cautery, 
and for convenience physicians prefer to give the results of their 
measurements in terms of milliamperes, and, sometimes, centi- 
amperes. 

Instead of the term " farad," the unit of capacity, the one- 
milliontli of a farad, called a microfamd, is genemlly employed, 
as tliis corresponds more nearly with the capacity of those con- 
densers, cables, etc., which are in practical use. Thus, the 
capacity of most submarine cables is about one-third microfarad 
per knot. 

The coulomb is the unit quantity of electricity, and is used 
in voltameter measurements, and electrolytic work in general, 
where we have to express the qnuniiiij of electricity which has 
decomposed a given weight of substance. When a current of 
one ampere flows for one second of time, the qxiantltij of elec- 
tricity which has passed through any cross-section of the circuit 
is one coulomb. And, in general, tlie quantity of electricity 
which has passed, expressed in coulombs, is found by multiply- 
ing the current expressed in amperes by the time in seconds 
during which the current has continued to flow-. 

The quantities, ampere, volt, ohm, are all deducibl^, any 
one when two others are given, by the application of Ohm's law. 
Thus, if in a circuit whose resistance is 1 ohm we have acting 
an electro-motive force of one volt, the current will be 

_, one volt 

6 = — i — = one ampere, 
one ohm * 

Or, if the resistance were 14,000 ohms, and the electro- 
motive force 56 volts, then the current would be given by the 
equation 

66 volto 4 .^^. V 

^ = i4;000-oh^ = 1000 = -^^^ ^°^P^^^^' 

which we could also write 

4 milliamperes. 
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Again, if by one galvanometer, or, as it is somptiraes called, 
milliampt-rcmeter, or, still more shortly, mil-ammeter, we find 
the current to be 23 milliampcres, and also know that tlie eloc- 
tro-motive force of the battery is, say. 40 volts; then by Ohm's 
law wc can find the rosistanec of the entire circuit at once 
from tlie equation M ^^ ^, ; hence, ^^40 -^ ^^ (|^,and not 
Bimpty "23, because the cuireiit is expressed in milliam|}cres, and 
not in amperes, as it should lie to coiTCspond witli volts and 
ohms). Carrying this out, we have *'-*^^'"'" = 1739 ohms, nearly, 
which is, therefore, the resistance of the entire circuit. 

Finally, if the current was found to \k 3 milharaperes, and 
the resistance determined to be 24,()()0 ohms, we find for the 
electro-motive foi-ce acting in circuit, by the equation (Ohm's 
Uw) E=CR: ^ = ,^ X ^4,000 = 72 volts (writing ^^ for 
the same reason as explained above). 

The unit of work or energy is called the "AVatt," and is 
expressible in meclianical units; that is. in terms of one horse- 
power, by the relation: 746 watts = 1 horse-puwcr, or 1 watt 
= 7Yfl horse-power. 

Now, as we know, electrical energy is measured by the 
product of current and electro-motive force, the units of wliich 
are, resix'ctively, the ampere and the volt. Hence, a current of 
one ampere flowing under a difference of potential of one volt 
is giving o\it energy at the rate of 1 watt. If the current 
had lieen 10 ampilres, and the electro-motive ibree in any part of 
the circuit had been, say, 60 volts, tlie mte of expenditure of 
energy would have been 60 X 10 = 600 watts, which is equiva- 
lent to y|j ^ .H04 Iiorsc-power, or appreximately -^\ of one 
horj^e-power. This is about tlie rate of consumption of power 
in the ordinary electric light (arc-lamp) used in the streets of 
our cities. The incandescent lamp of about sixteei^ can die-power 
requires something like one-half to throe-quarters of an ampere, 
and usually an electro-motive force of 110 volts. In pmctice 
from ten to fourteen of these lamps are regarded as equivalent 
to one horse-power. 
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Thermo-Electricity. — ^It has long been known that two metals, 
wlien joined so as to form a complete circuit, the two junctions 
being at different temperatures, have an electro-motive force set 
up at one of the junctions, so that an electric current flows in 
the circuit. Thus, in Fig. 105, if A represents a bent rod of 
one metal and B a similar rod of another metal, and if either 
junction Ji or Xg is heated, the other being kept cool, a current 
will flow in the circuit so made up, and its direction will be 
determined by the nature of the metals and their mean tempera- 
ture. Two metals, arranged as in the figure, constitute what is 
known as a thermo-electric cell. Currents produced in tliis way 
are called thermo-electric currents, and the cJectro-motive force 
upon which such currents depend is itself, as just stated, de- 
pendent upon the nature of the metals em- 
ployed, upon the mean temperature of the two 
metals, and upon the diff*erence hi the tem- 
perature of their junctions. 




Fio. 105. 



According to the direction in which the 
current flows across the hot junction of the 
different metals, the latter are divided into 
two groups. If, in Fig. 105, we suppose the 
current to flow from -A to -B across the junction 
Ji this being the hot junction, then the m(^tal A is said to be 
thermo-electrically positive to B. Or, we can state that B is 
thermo-electrically negative to A. That is to say, one meUil 
is thermo-electrically positive to another if across the hot 
junction the direction of the current is from this one to the 
other. The two states are, however, merely relative, and a 
metal which is thermo-electrically positive to another given 
metal may, under different circumstances, become itself negative 
to the same metal. 

We can, however, arrange a large number of metals in a 
series, which, for any mean temperature, will show tlieir relation 
to each other, and in which each metal is thermo-electriaiUy 
positive to those following in order. 



THERMO-ELECTRICITY. 1 23 

In the construction of these bibles it is usual to employ 
some metal as a standard of reference, and to determine in arbi- 
trary units the values of the electro-motive force, or the thermo- 
electric power, as we may call it, of other metals, at some fixed 
temperature, to this one. 

The following table is based upon Matthiessen\s experiments, 
and the numbers express, approximately, the electro-motive force 
in microvolts (xt^t^^t^^tj volts) per degree centigrade of the 
different elements taken with respect to lead : — 

MEAN TEMPERATURE, 20°. 

Bismuth (pressed), +97. 

Cobalt, 22.. 

XjCcICI ,« . . • . • . . v. 

Tin, — 0.1 

Commercial copper, — 0.1 

Antimony (pressed), — 2.8 

Silver (pure), — 3. 

Antimony (crystals), — 24.5 

Selenium, — 807. 

Tliese numbers are, however, by no means constant, but 
change with the mean temperature of the metals. 

Thermo-electric cuiTcnts have been pmctically applied so 
far only as a means of showing small differences of temperature, 
and for this purpose a thermo-electric cell is an extremely useful 
arrangement. It is at once evident that, instead of employing a 
single cell, composed of two metals (antimony and bismuth are 
the metals universally used), we could, as in the case of the 
galvanic battery, join up any number of such elements end to 
end, and form tlms a thermo-electric battery (Fig. 106), where 
-4, J, A are the antimony strips and jB, 5, B the bismuth. In 
this way we can add the electro-motive forces due to all the 
pairs and make it as great as we please. The metals are 
arranged as show n in the figure, a number of small rods of anti- 
mony and bismuth being joined with their bent ends, and several 
rows of these placed in a square fmme, one over the other. 
The junctions at one side of the frame are exposed to the sour 
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of heat, and the two ends of the series of rods at the oilier side 
of the frame are fastened to copier wires leading lo a galva- 
nometer (Fig. 107). Under 
these rirciim stances, even when 
the source of lieat is compani- 



ttf 




tively far removed, — so far, indeed, as to leave a sensiti\"e 
thermometer entirely unaffected, — the j^alvanometer, if a proiHjr 
one is used, nill give an appreciable deflection and sliow 
deiirly that the junctions liavG hccorap 




warmed. These currents are generally small, hut, by using 
tluck and short rods of antimony aud bismuth, and by employ- 
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ing many elements, currents of considerable magnitude can be 
obtiiined, because in this case the internal resistance of the 
thermo-electric battery would be considerably reduced. 

Motors and Dynamos. — We have already given the general 
theory of the dynamo-electric machine (Figs. 108 and 109) on 
page 82, on which was explained the production of electro- 
motive force by tlie movement of a conductor in a magnetic 
field. It was there shown that if we .move a wire near a mag; 
net, or move a magnet near a wire, an electro-motive force will 

be established between tlie ends of 
the wire, tending to urge a current 
along it. It was further shown that 
the direction of the electro-motive 
force acting depended upon the rela- 
tive direction of the magnetic field, 
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and that its value was dependent both upon the velocity of 
motion across the field and the strength of the field. 

Upon these few and easily demonstrable facts the action of 
all dvnamo machines and electric motors is based, and the com- 
plexity of some of them is brought about simply by the various 
demands of practice and the obserA^ance of details. We have, 
then, first to consider in every dynamo or motor the magnets 
MM (Fig. 110), which are either permanent or temporaiy, i.e., 
electro-magnets, and, secondly, the armature, -4, which consists 
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ol' ii coil of copjier wire wound over a core of soft iron. The 
ends of the magnet between which the Hrmature rotates ave 
called its poles, P P(Fig. 110), and the aim is so to construct 
the magnets that tlie magnetic field in wliieh the armature 
moves shall, imder given conditions, be as strong as possible, 
C, (7, C, C (Fig. 1 10) rp|m'«cnt tlie coils of wire — "magnetizing 
coils" — around ttie magnet. 

Tlie armiiturc consists of a number of soft-iron washers or 
disks (Fig. ll'i) covered with paper on one side and threaded on 




a steel rod, wliicli forms the axle of the armature and moves in 
bearings at its ends. The washers, after being tlirptidcd on the 
rod. are pressed together and kept in place by means of two 
screws at the ends ; oceasionftlly they ate ehmnh on the shaft or 
axle. An armature of tliis kind is known as the Siemens' arma- 
ture, and is, [lerhaps, the most generally used at present. 





Another style of armature, called the Gramme ring (Fig. 
113), is made of similar disks, or often wire, but with a larger 
opening in the centre, and the disks are afterward held to tlie 
axle by means of wedges, generally of wood. 

In both eases this iron framework is wound with insulated 
wii-e, — in the Siemens' armature longitudinally, and in the 
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Graminc form aioiind the ring, part of the wire lieing thus inside 
and part otitsido, i.e., uxtenial. This will be undeistood from 
the figure (113), in which is shown a Gramme armiiture cut 
through so as to make clear its structure. 

In order to lead tlie current from the armature and to 
reverse its dii-ection iit tlie proper time* the ends of the sepnrate 
turns of wire are brouglit to a contrivance on the end of the 
Bxle called the commutator, marked C in Fig. 1 14. The com- 
mutator is made up of bars of copper like the spokes of a wheel, 
but not touching at any point, each bar or " segment," as it is 
called, being insulated from its two adjacent uei;;hbors. At 
two diametrically opposite points on the commutator; and press- 
ing against it, are metal strips technically called "■ brushes," B B 
(Fig. 114), which serve the pur- 
pose of leading the run-ent to or 
from the armature (according as 
the machine is used as a motor nr 
djiifimo) lis it ruvolves around. 
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^K .\s the aimature consists of a mass of sofl iron, around whicli 

circulates an electric current, we should expect it would become 
magnetized during passage of the cnirent. This is really tlie case, 
and the ciUTent flows m such a direction that the poles of the ar- 
matiue ai-e continually at riglit angles, or nearly at right angles, 
to the poles of the magnets themselves (Fig. 1 15). This is accom- 
Lplisbed by the aid of the commutator, by means of wliich the 
tdirertion of the current in the separate wires of the armatiu-e is 

Wlien a partlcnlftr wli« o1 tlie irmnture pacHa tbe north [>n1e <if thx nwEiirl. H hM nn 
ftalectro-niotlve torn actinic in one dlrietion ; whan It psNU tbe tontli pnlE Ibc 
riorrc ttPts In the oppnallc direoMon, The rornmutator enabla tlie electm-Hmti 
tfroilurcil to act all In one ilinrttan, mi that the cnrrent d«rivaMe from siicli a m 
fVt Iwltig flrjl Iti ous direction niul then In thaoii|Jo«lte.lai]wBj-B flowlnn tlie sanit 
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changed every time the corresponding -segment of the commu- 
tator passes the brush. In this way the armature '-core" is 
magnetized, so that its poles point up and down, — say, the north 
pole being uppermost. Now, since the field-magnets have their 
poles pointing sideways, the north pole, let us suppose, being to 
tlie left, there is a continual tendency for the armature to 
revolve, owing to tlie mutual action of the poles on eacli other. 
This is the mode of action of the electric motor. In the case 
of the dynamo we have only to remember that, when the arma- 
ture moves, its wires cut across the lines of force which go from 
one pole of tlie magnet to the other, and hence must have an 
electro-motive force established in them. 

- In the dynamo the armature is made to revolve by the 
expenditure of mechanical worh^ and in the motor the armature 
is made to revolve by the expenditure of electrical work. 

In nearly all motors and dynamos used to-day the employ- 
ment of permanent magnets has been abandoned, for the reason 
that the magnetism of such magnets cannot be very intense, and 
hence tlie machines not very powerful. Furthermore, all per- 
manent magnets, as stated before, gradually lose their magnetism, 
and, though they become more stable after long-continued use, 
they can never be said to be constant. 

When electro-magnets are employed to produce the mag- 
netic fields of motors and dynamos, the magnetizing cuiTent is 
led off from the armature, wliere it is produced, in one of two 
ways. In one method the armature, the field-coils, and the ex- 
ternal circuit (where the current is used) are all in one contin- 
uous circuit. They are, in fact, in series, and the dynamo is 
called a series dynamo (Fig. 110), where F^ represents the 
armature, V the wire around the magnets, and ,R the external 
resistance. In the other method the external circuit and the 
field-coils are in multiple arc, or in shunt relation, and the 
dynamo is then called a shunt dynamo (Fig. 117). In the first 
case (Fig. 116) the current flows out from the armature (F^), 
through the field-coils ( T), through the external circuit (fi), 
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back to the armature. In the second ease (Fig. 117) the cur- 
rent flows out from the armature ( F^), part going then through 
the field-coils (Vg) and part through the external circuit (^), 
afterward uniting and flowing back through the armature. 
Shunt motors and dynamos receive often the name constant 
2>otential machines^ because, when they are properly made, such 
machines, used as dynamos, give at constant speed a constant 
electro-motive force, and when used as motors and supplied with 
current at constant jx)tential, — as, for instance, when joined 
to a number of storage cells, — run at a constant speed, no matter 
wliat work they may be doing. It is scarcely necessary to pomt 




Fig. ii«. 




out that most forms of motive apparatus tend to run slower when 
doing heavy work than when doing light work, and very often 
such irregularity in speed is exceedingly objectionable. The 
extent to w hich this is overcome in electric motors is shown by 
the fact that many shunt motors, in gencml use, are so well con- 
structed that their change in speed between full load and no 
load at all amounts to only a few per cent. 

The armature axle is provided at one end with a pulley, 
wliich, by means of a belt or other suitable coupUng, transmits 
the ]X)wer to or from the armature, according as the machine is 
used as a dynamo or as a motor. The pulley of the motor 
must be chosen of such a size, relatively to that of the apparatus 
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to bo clriveu, that the si)eed of the latter shall be what is 
desired. Many motors are fitted with controlling devices and 
regidating attachments, so that the sjxK?d may be varied at will 
between limits of a considerable range. Tliis is sometiines a 
very essential feature. 

The ca|)acity of motors and dynamos is rated in horse-power 
units, and machines are now made by various manufacturing 
companies wliose capacity varies from less than -g*^ of a horse- 
power to 100 or more hoi*se-power. . It is thus possible to select 
a motor of such a size that it can be used for almost any variety 
of mechanical work. 

Tlic question of supplying motors with current is a verj*^ 
im])ortant one, and the subject has, witliin the last few years, 
received much attention. Many attempts have been made to 
employ primary batteries for the work, but so far with very 
doubtful success, even under the most fiivorable conditions. If 
batteries have to be used, there can be no doubt of the great 
superiority of the storage batter}'. The only serious objection 
which can be raised to these is their weight, wliich amounts to 
approximately six lumdix^d pounds per horse-power. Portable 
storage batteries are, however, now manufactured which are 
capable of driving small motors, and which have been found 
quite satisfactory. 

In some cases the electric-light current is available, either 
from a central station or from some neigliboring plant, and under 
these circumstances motors may l)e supplied with current with- 
out any difficulty. It is altogether immaterial what particular 
system of electric distribution may be adopted at the station, since 
motors may be constructed in such a way that they can be 
joined to any circuit whatever. But, it must be added, the motor 
will have to be built in accordance with the conditions under 
which it will be supplied w ith current. 

Resistance Coils, Rheostats, etc. — Resistance coils, sometimes 
called rheostats, rheotomes, etc., are made in great variety of 
form, according to the sj^cial purposes for which they are in- 
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tciidcd, but they are ueavly always constimtcd so tliat the 
resistance in circuit may be varied at will between certain Umits. 
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In some forms this can be done by a continuous variation, but 
usually the resistance must be changed by steps; that is, the 
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resistance must be changed one or more ohms at a time. A 
resistance box of the latter kind is tliHt shown in Fig. 118. It 
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consists of a rectangular box with a hard-rubber top, having 
inside a number of spools of German-silver wire connected 
through the top with brass pieces of appropriate shape. The 
brass pieces (A A) are of the form shown in Fig. 119; they are 
placed close togetlier, and contact from one to tlie other is made 
by inserting plugs (B) into half-rounded cavities between them. ^ 
The coils of wire forming the various resistances are joined one 
end to one block, and the other end to the next adjacent block, 
thus bridging across from one block to the other. In winding 
tlie coils it is usual to double the wire — which is always covered 
with some good insulating material — so that it is wound back 
on itself. That is to say, half the reel or spool is wound in one 
direction, and half in the opposite, the object of this being to 
reduce the self-induction (page 87) as much as possible. The 
nurrfber of coils of wire, as well as the value of their resistance, 
is generally such that any resistance from one ohm to one thou- 
sand or more can be thrown in circuit. 
Some boxes have coils with resistances 
from one to ten thousand ohms. In 
using these boxes the circuit wires are 
joined to the binding-posts with which 
the resistance boxes are provided, and 
the resistance is varied by removing 
Fio. 120. ^^ inserting plugs between the various 

blocks. When any plug is removed 
the current must flow through the particular resistance between 
the two blocks to which the plug belongs, and when the plug 
is inserted the resistance is practically out of circuit, so that 
tlie current flows directly across from block to block. In most 
of these boxes two of the blocks have no wire resistance between 
them ; hence, when the plug between these two is removed, the 
resistance becomes infinitely great, and the current stops. This , 
interval is marked Inf, (== infinity). 

A very similar form of resistance box is that indicated in 
Fig. 120. Here, instead of having plugs to remove and insert, 
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there is a movable, metallic lever, which nialics contact uitli 
a niiniher of biiltoiis between whidi arc joined resistance coils 
of any desired value. The terminals to which tlie circuit wires 
are attached are marked T, and 7^- Of these, TJ leads directly 
to the last button of the series of resistances, and 7*2 to the 
axis of the lever. By moving the lever in one direction or 
the other we can make the current flow through as many of the 





reRistanees, r,, n etc., as we please, and break the current 
entirely by moiiug the le\er to a position bcttveen any of the 
buttons. If the lever is allowed to rest on the button B„ all 
the resistances are throwu out of circuit, and the current flows 
from 7^ say, to A, through the lever-arm to Bf, to TJ directly. 

A resistance apjiaratus in wliich the changes are continuous 
is that known as the water-rheostat (Figs, 121 and 1*22), the prtn- 
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ciple of whicli depends upon a change in the sectional area of a 
liquid through wliich the cuiTcnt flows. Two metallic plates 
(Fig. 123), A and -B, are immersed in water and joined by a wire; 
another plate, C, is capable of moving up and down between the 
plates A and B, To tlie latter is joined one circuit wire, and to 
the two plates A and B the other circuit wire. When the plate 
C is pushed downward as far as it will allow, the surface of 
water through which the current passes is as great as ix)ssible, 
the resistance has its minimum value, and the current its 
maximum. As C is moved upward the resistance continually 
increases, since the area becomes less and less, until finally, 
when it is moved above the level of the water, tlie current 
ceases altogether. The objection to rheostats of this kind is the 
polarization, which is sometimes excessive. 

Switches. — It is often necessary, when experimenting with 
the electric current, to be able to make and break the circuit 
rapidly and whenever desired. To do this it is usual to insert 
into that part of the circuit which has to be thus changed an 

apparatus called a switch or con- 
tact-key. In its simplest form 
this is only a spring, S (Fig. 
124), furnished with a knob, 5, 

Fio 124. ^ ^^^ ^^^^ ^^ ^^ spring being 

permanently connected with the 

circuit wire, Z>, the other making contact, and thus completing 
the circuit only when pressed down on the terminal of the wire, 
C. The spring is fastened to a board as a base, and the two 
circuit wires pass through holes in this, to the top. In the posi- 
tion shown, the current cannot flow because the circuit is broken 
between the spring and the point, D. These keys are often pro- 
vided with another spring-catch which keeps the main spring 
in contact with 27, until it is desired to release it. 

In order to be able to reverse the direction of the current 
without changing the connection of the wire with the battery 
or other source of electricity, there is inserted in the circuit what 
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is known as a "reversing key," or '• commutator" (Fig. 125), hr 
which by moving a lunged arm we can change the direction of the 
current at pleasure. The general principle of a key of this kind is 
shown diagramatically in the figure. Here, the main wires are 
joined to the i)oints A and B. These points can be connected to 
the points F^ (?, H^ K by the metallic arms C and i>, which are 
rigidly joined by an insulating connecting piece provided with a 
knob, E. The points F, (r, H^ K are joined by wires, as shown, 
with two other points, the latter, L and J/, being places of attach- 
ment for the circuit wires. L is connected with jPand /iT,* and 
J/ is joined to G and H. When the pieces Cand D are pushed 





FlO. 125l 



Fig. 128. 



to the left the current flows out from L through the circuit and 
in through M, When the lever is pushed to the right the cur- 
rent flows out from M through the circuit and in through L ; 
that is, the direction of the current is reversed. Generallv these 
reversing keys are constructed as exhibited in Fig. 126. The 
connections are as shown, and the onlv difference between this 



» When two wires cross each other, without touching, the drawing is usually made in this 
way : ^ , and the wire having the loop ia supposed to be above the other. 
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and the one in Fig. 125 is in the use of three points, E^ 
F^ 6r, instead of four ; the points E and G being connected 
togetlier by a wire. The contact levers are, however, as before, 
moved to the right or to the left, according as the current is to 
be sent in one direction or the other. 

A very useful form of reversing key is that known as the 
" rocking commutator" (Fig. 127). This consists of a rectangular 
fmme of insulating material, having six cavities hollowed out 
along its edges, these cavities (metallic cups are often employed) 
being filled with mercury. To the two centre cups are attached 
the battery wires, and to the end cups, as shown, the wires of 





Fig. 128. 



cnn^ 




Fig. 127. 



Fig. 129. 



the circuit. Into the cups are fitted two pieces of wire on each 
side, one being bent into a half circle, F^ and joined at its centre 
with a straight piece, E. The wires are connected by an insu- 
lating rod, D, The wires can be pushed from one side to the 
other, and thus ca used to " rock " on the centre piece, E, In 
this way the centre piece always remahis in its own mercury 
cup, but the end pieces alternately make and break contact 
with their cups when the " rocker," as w(? may term it, is moved 
from one side to the other. The mercury cups are connected 
together crosswise, as shown, Ki with /^ and K^ with K^ By 
moving the rocker from one side to the other, the current in 
the circuit, i, J/, is reversed. In the position shown in Fig. 



COMBINATIONAL KEYS. 



137 



127, the current flows as follows: In Cto K^ to K^ to A',, out 
M: in at L to if; to Kg to K^ out at Ci, to the hattery. If tlie 
key were pushed over on tlie other side tlie direction would be 
as follows ; In at C to A'^ to K[^ out at L ; in at Jf to A"! to Ks_ 
out at Ci_ to batteiT. 

Still another form of reversing key is shown in Fig 129. 
This is known as the " double-plug key." In this key thefe are 
ibur brass quadrants iastened close together (but not touching) 
on a hard-rubber or other insulating block. Each quadrant is 
provided with a binding-screw, b (Fig. 1 28), to which the cir- 
cuit wires are attached, and with two circular grooves on its sides. 




The grooves are opposite each other and form in pairs, orifices, 
into wliich can be fitted the keys or plugs, K. The plugs have 
a handle of hard rubber, and when in place make contact be- 
tween the quadrants. The wires of the circuit are joined to the' 
quadrants diagonally, and the direction of the current is revei-sed 
by moving the plugs from between one set of quadrants to the 
other; rather less conveniently than in some other forms of key. 
Combinational Keys. — It is often very convenient to have an 
arrangement by which it is possible, on moving a switch, to send 
through the circuit in use, either a continuous or an alternating 
current, i.e., a " galvanic" or " faradic" current. A plan showing 
the contacts and wirirtg of such an arrangement is given in Fig. 
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130. Here B is the batterj- or source ol the galvanic current, ff 
is the induction coil funiishing the faradic cun-ent, and A' and JC^ 
are switches of the kind already dcscrilied in Fig. 136. The 
numbers from 1 to 10 represent the metalhc contacts or binding- 
posts to wliicli the different wires are attached. To the screws 
1 and 2 are attached tlie farttdic-current wires, and to 9 and 
10 are joined the battery wires, while the circuit wires are joined 
to C and D. The points are connected permanently by wires 
ill the ibliowing way : 1 to 4 to 7 ; 3 to 3 ; 6 to 8 to 5 ; 9 to 
B and 10 to A. With the key Al in the middle position the 
galvanic current is broken ; if then A"^ is pushed to the h>ft the 
faradic current flows through tlie main circuit. ^\'Ilen K^ is 




pushed over to the right and Al to either side the galvanic 
current is available, and is reversed by simply moving A'l from 
one side to tlte other. 

Gh» Lamps. — For purposes of illumination, in medical and 
surgical practice, there are many advantages afforded by tlie 
electric lamp. In medical work and generally, when there 
is needed a Hglit of something like one or two candle-power, 
small electric lamjis requiring an electro-motive force of about 
four volts and a current of perhaps one ampere are found verj" 
useful. These lamps consist of a glass bulb (Fig. 13]), ex- 
hausted very completely of air, containing within it a thin strip 
of carbon, which is attached by means of platinum wires, blown 
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into the glass, with two electrodes, The cleetrodcs are joined, 
when the lamp is in use, with the terminals of a sufficiently 
powerliil batten', and the eonnectinf^ Mircs arc generally pro- 
vided with a key of some kind so that the circuit can be opened 
or rinsed at pleasure. When the circuit is closed the current 
flows through the lamp connections, and in passing through the 
carbon filament heats it to such a decree as to raise it to a state 
of incandescence. Consumption of tlu^ carbon filament is ren- 
dered impossible by the great rarity of air, and hence of oxygen, 
in the glass bulb. These lamps, generally known as " iiicaiicle»- 
cent Inmjys," are so manufactured that they can be used with any 
desired number of storage cells, from two upward. For surgi- 
cal purposes, however, lamps requiring about two cells, i.e., four 



volts, are perhaps the most suitable; they' are quite small anJ 
can be employed for illuminating the cavities of the humdn 
body. 

Telephone. — Quite recently instruments closely allied in 
their structure with the now well-known telephone have been 
introduced into medical practice. In order, however, to make 
clear their general plan and the electrical principles involved in 
their working, it will not be necessarj" to do more than describe 
v^ry simply the main ieatures of the ordinary' telephone, in almost 
universal employment to-day. 

The action of the telephone depends upon the magnetic 
changes which take place in a piece of magnetized iron when 
a magnetic body — such as an iron plate — is caused to move or 
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vibrate near it. The vibmtion of the h^on plate causes simulta- 
neous disturbances of the magnetism of the magnetized body, 
and these disturbances have the effect of estabhshing electric 
currents in a coil of wire wound about the latter. The currents 
are led, by copper wires, to a perfectly similar arrangement in 
which the same changes, but in a reverse order, take place. 
Thus, in Fig. 132, let A represent an iron plate of circular form 
supposed fastened rigidly along its circumference. Let B rep- 
resent an iron bar, wound over one end with a coil of wire, C. 
Now, suppose the bar is magnetized by the action of the coil, (7, 
and let us suppose the plate, Jl, or a diapliragm, as it is gener- 
ally called, to move either inward or outward. The result will 
be that the magnetism of the bar, 5, will undergo a change ; 
lines of force will cut across the wires of tlie coil, C (in one di- 
rection or the other according to the direction of movement of 
the diaplimgm), and lience set up new electro-motive forces in 
the coil itself Thus, the magnetizing current which we have 
supposed to circulate in the coil, (7, will be increased or dimin- 
ished, and if we now imagine these currents to be led around 
another bar of iron with a diaphragm in front of it, like the 
ibrmer, the diaphragm will be attracted or repelled by the bar and 
will thus vibrate in complete accordance with the vibrations of 
first plate. In the telephone the diaphragm is set in vibration 
by the voice ; the sound-waves impinging against it set it into 
corresponding movement. 

We have, then, these series of changes in the telephone : 
First, the vibrations of the air and diaphragm ; second, mag- 
netic changes ; third, increase or diminution of a current; fourth, 
a variable current in the line or connecting wires, L M; fifth, 
magnetic changes again; sixth, vibrations of another diapliragm, 
and, finally, the production of sound-waves. In practice one 
apparatus is called the transmitter and the other the receiver, 
the transmitter behig the apparatus spoken to and the receiver 
the one placed before the ear. 

Microphone. — Closely, related to the telephone is the mech- 
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aiiism known as the microphone^ an apparatus which is used to 
increase the intensity of sound. Such a result is produced by 
the action of two points in a circuit through which a current is 
flowing, the electrical resistance between which is varied by the 
changing pressure existing between the points. The points are, 
in general, made of hard carbon, because then, small changes of 
pressure cause considerable changes of electrical resistance. In 
Fig. 133 is shown one form of microphone. Pis a carbon pencil 
touching shghtly two carbon blocks, Ci^ €2^ above and below. 
Tlie blocks have cavities hollowed out of them, into which the 
ends of the pencil project. The blocks are fastened to a frame, 
and the whole is firmly fixed to a base, aS, which should be a 
regular sounding-board. Through the blocks and pencil a cur- 
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rent — furnished by a battery, B — is flowing, and in the circuit 
of this is included an ordinary telephonic receiver, i?. The 
current, therefore, has to flow through the two points of contact 
between the blocks and pencil, and its intensity depends upon 
the resistance offered at these points. Now, the resistance itself 
depends upon the pressure between the points, so that finally the 
current-strength may be said to be dependent upon the pressure 
between the carbons. 

When the sounding-board is agitated in any way it causes 
the carbon pencil to vibmte with it, thus producing changes in 
the pressure at the points, and therefore in tlie resistance. The 
current, in consequence, is subjected to corresponding fluctua- 
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tion, and acts on the receiver just as it would in an ordinary 
telephone, reproducing there the vibrations of the sounding- 
board. 

Microphones have been made of extreme sensibility ; a fly- 
walking on the sounding-board can be very distinctly heard 
through the receiver in some instruments, and the ticking of a 
watch produces sounds of a disagreeable intensity. 
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CHAPTER I. 

Electro-Physiology. 

Muscle Currents. — If a strip of muscle be isolated from its 
connections and intercalated in a circuit containing a delicate 
galvanometer or other electrical measuring apparatus, a measur- 
able quantity of electricity will pass which appears to have its 
source in the muscle; in other words, the muscle seems to be 
an electric generator or battery. 

It has been found that this current will pass only when 
contact is made with the muscle at certain points. If a cylindri- 
cal muscle, the sartorius of a frog, for example, is taken and 
the tendinous ends cut off, it may be considered as hanng two 
poles and an imaginary line of division at a point equidisfemt 
from the two poles, and called the equator. 

DuBois-Reymond and other physiologists to whom we are 
mostly indebted for our knowledge of these phenomena, regard 
them as inherent properties of living muscle. The fact that 
the electric organ of certain electric fishes, as the torpedo, elec- 
tric eel, etc., appears to be simply modified muscular tissue, 
lends some probability to this view. There are reasons, how- 
ever, for believing that the so-called muscle currents are not 
present in the natural, uninjured state of living muscle, but are 
developed in consequence of some injury or modification of the 
vital condition of the muscle. 

However interesting these phenomena may be to the physi- 
ologist, they have no bearing upon electro-therapeutics and need 
concern us no further in this place. 

Electrotonus. — When a galvanic current is passed through 
a motor nerve it produces certain changes in the normal irrita- 
bility and conductivity of the nerve, which are termed by 

^^ (145) 
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physiologists electrotonus. The nerve so modified is said to be 
polarized, and the current is called a polarizing current. The 
phenomena of electrotonus may be briefly described as follows: 
The nerve through which a current is passing is in a state of 
increased irritability near the point to which the cathode is 
applied. This is technically termed catelectrotonus. In the 
vicinity of the anode the irritability is decreased, and this con- 
dition is termed anelectrotonus. This increase and decrease of 
initability— or catelectrotonus and anelectrotonus — ^is more 
marked between the points of application of the electrodes than 
beyond this interpolar district. 

Formerly much stress was laid upon the direction of the 
current, and physiologists as well as electro-therapeutists insisted 
strongly upon the varying effects of " ascending ^' and "descend- 
ing" currents. At present, however, there is pretty general 
agreement that the direction in which the current passes — 
whether from periphery to centre (ascending), or from centre to 
periphery (descending) — is of little consequence. The varying 
effects observed are, it is generally believed, dependent altogether 
upon Ijie electrode or pole used in making the test. In the 
normal condition of the nerve the cathode produces the more 
intense effect. 

Some electro-therapeutists have endeavored to base a theory 
of the therapeutic action of electricity upon the observed phe- 
nomena of electrotonus, but these endeavors have not up to the 
present time been very successful. The results of experiments 
upon the nerve-muscle preparation of the frog do not seem to be 
in entire agreement w^th the effects of the electric current as 
observed in the healthy or diseased nerve of man. Hence it 
will be wise for the present to only take account of the results 
obtained by experiments and observations upon human beings, 
and not try to twist the facts of experimental physiology into 
the support of a therapeutic theory. 

The nature of the change in the nerve which causes the 
electrotonic condition is not understood, but there are good 
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reasons for believing that it is due to an electrolytic re-arrange- 
mcnt of molocitles which modifies the power of transmission of 
impulses. If a sufficiently strong current is used the imtability 
of the nerve is entirely abolislied, and impulses can neither be 
originated iu nor transmitted through the electrotouized dis- 
trict. 

Sensory, like motor, nerves are subject to the laws of 
elcctrotoiuis. 

Effects of Electric Currents upon Nerves and Muscles. — Elec- 
trical stimulation of a motor nerve causes contraction of the 
muscles to which the nerve is distributed. When the current 
is sent through a sensoiy nerve }>ain is produced in the area of 
distribution of the nerve, and when a mixed nerve is the object 
of experiment both of these effects are produced. Stimulation 
of the sympathetic caiBCs vnviatinns in diameter of the bloud- 
vcssels aud contraction of ollifr nnstriped muscles. 

Stimulation of Motor Nerves— f^uger's "Law of Contraction." 
— If the cathode of a galvanic battery fiirnisliing a current of 
moderate strength is applied over a nevve superficially located 
and easily accessible, e.3., the uhuir nerve at the elbow, and 
the anode placed at an indifferent point, — the sternum is usually 
selected, — a contraction of the muscles supplied by the nerve 
stimulated will follow on closing the circuit. It is immaterial 
for the pitiduction of tliis effect whether the circuit he closed 
with the cathode, the anode, or in the metallic part of the circuit. 
If electrodes of definite size be used, say, a flat anode of thirty 
square centimetj-es area, and a cathode of ten square centimetres, 
the contraction of the muscles on closing the circuit is usually 
produced when a current of 2.5 milliamperes is used. With 
this strength of current, ojjening the circuit with the cathode, or 
opening and closing with tlie anode, will produce no contraction. 
If, now, the current be increased to. 3.4 milliamperes the con- 
traction will be produced on closing the circuit with the anode, 
while the cathodic dosing contraction will he increased. Still 
further increase of the current to 3.5 milliamperea will bring 
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about contraction on opening the circuit with the anode, while 
a current of 8.2 milliamperes will be necessaiy to cause contrac- 
tion on opening the circuit with the cathode. This strength 
of current will likewise produce a contraction of some duration, 
technically called " tetanus," on cathodic closing. The anodic 
closing and anodic oi)ening contractions do not always follow 
in regular succession, — sometimes one and sometimes the other 
appears first. 

This more or less regular gradation of the effects of the 
current has been established by numerous experiments and has 
been formulated into a definite law which is of great importance 
to the electro-therapeutist, for by the variation in the electrical 
reaction of the nerves during disease the nature of the morbid 
condition is distinctly manifested to the observant physician. 

Brenner, to whose acute reasoning and patient observation 
electro-thempy is so deeply indebted, constructed a formula of the 
law of electrical contraction, which is represented by symbols, as 
follows : — 

Cathodic closing contraction (Ca. CI. C.) 4. 
Anodic closing contraction (An. CI. C.) 2. 
Anodic opening contraction (An. 0. C.) 2. 
Cathodic opening contraction ( Ca. 0. C.) 1. 

That is to say, with the same strength of current the 
cathodic closing contraction would be four times the strength 
of the cathodic opening contraction ; or, in other words, only 
one-fourth of the current required to produce a contraction on 
opening the circuit with the cathode would suffice to produce a 
closing contraction with the same pole. It will be seen that the 
anodic closing and anodic opening contractions are produced by 
the same strength of current, which is midway between that 
required to produce contraction on closing or opening the circuit 
with the cathode. 

The symbols, inclosed in brackets, are generally used for 
the purpose of economy of space, and when once thorouglily 
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fixed in the memory will readily stand for the words them- 
selves.* 

The contraction produced by the galvanic current, unless 
the latter is of excessive strength, is quick and short, — ^almost 
momentary, in fact. This is an important fact to remember in 
a diagnostic point of view, as a modification in the character of 
the contmction is an unfailing sign of disease in the nerve. 

In testing a licrve by the galvanic current tlie contractions 
produced are much stronger when the current is reversed with 
the commutator, without opening the circuit, than when the cir- 
cuit is first broken and then the poles reversed. This reversal 
of current with closed circuit is known to electro-therapeutists 
as the voltaic alternation, and is usually indicated by the symbol 
V. A. In many of the therapeutic applications of electricity the 
employment of voltaic alternation, or voltaic alternatives, is ex- 
tremely important on account of the highly stimulating effects 
thus produced. 

In striking contrast to the single, quick contraction or jerk 
produced by the galvanic current, the faradic current produces a 
tonic, prolonged contraction, which lasts during the entire time 
the current is passing. This is due to the fact that the contrac- 
tions caused by the closing and opening and reversal of the cir- 
cuit follow each other in the faradic machine so rapidly that the 

* For convenience of reference, a table of fiymbols used in this work is given here :— 



("a. CI. C, Cathodic closing contraction. 
Ca. O. C, Cathodic opening; contraction. 
Ca. 01. Te., Cathodic closinii; tetanus. 
An. CI. C, Anodic closinfi; contract'on. 
An. O. C, Anodic opening contraction. 
•\n., Anode. 

An. O. P., Anodic opening picture. 
An. CI. P., Anodic closing picture. 
An. O. Od., Anodic opening odor. 
An. CI. Od., Anodic closing odor. 
An. O. Sd., Anodic opening sound. 
An. Cl. 8d., Anodic closing sound. 
An. O. Sn., Anodic opening sensation. 
An. Cl. Bn.. Anodic closing sensation. 
An. Cl. Te., Anotlic closing tetanus. 
Dur., Duration (of current). 
R D., Reaction of degeneration. 
E., or E.ra.f., Electro-motive force. 
C, Current. 



R., Resistance. 

O. S., Galvanization of the sympathetic. 

B. O., Brain galvanisation. 
Ca., Cathode. 

Ca. Dur., Cathodic duration. 

C. D., Coil distance. 
>, Diminuendo. 

<, Crescendo. 

Ca. Cl. Sn., Cathodic closing sensation. 

Ca. O. Sn., Cathodic opening sensation. 

Ca. Cl. Sd., Cathodic closing sound. 

Ca. O. Sd., Cathodic opening sound. 

Ca. CL P., Cathodic closing picture. 

Ca. O. P., Cathodic opening picture. 

Ca. Cl. Od., Cathodic closing odor. 

Ca. O. Od., Cathodic opening odor. 

Ma., Milliamp^re. 

V. A., Voltaic altematlyeB. 
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muscle cannot return to a state of rest in the interval between 
the contractions, and thus the latter apparently become con- 
tinuous. 

Muscles can be directly stimulated to contraction by electric 
currents. This has been experimentally demonstmted in ani- 
mals by paralyzing the nerves with curare and then subjecting 
the muscles to the action of an electric current The direct 
muscular contraction differs from the neuro-muscular contraction 
in being slower, and requiring a more prolonged action of the 
current. In the next chapter the causes of this difference of 
action will be more fully considered. 

No elevation of temperature results in a muscle through 
which a galvanic current is passing unless contraction of the 
muscle is produced. Whether certain modifications of nutrition 
can be brought about by such non-contractile cuiTcnts has not 
yet been definitely established. The assumption is justified, 
however, that even the mildest currents do produce some modi- 
fication of nutrition. 

When tlie current is sufficiently strong to produce contrac- 
tion of the muscle, there is an increase of temperature which is 
proportionate to the intensity of the contraction. This rise of 
temperature is not due to the passage of the current, nor to the 
increased hyperaemia, but solely to the greater metabolic activity 
going on in the muscle consequent upon its contraction. A 
paralyzed or unused muscle wastes in consequence of defective 
nutrition ; hence, in cases of paralysis, where volitional contrac- 
tion of the muscles is impossible, these must be stimulated arti- 
ficially in order to prevent atrophy. For this purpose electricity 
is an admirable stimulant. 

Sensory nerves can be stimulated to their specific reaction. 
I.e., the production of pain, either by applying the electrode to 
the trunk or the peripheral terminations of the nerve. The 
sensation is experienced, however, only at the periphery, and 
not in the trunk. It is probable, therefore, that the sensation 
in a contracted muscle is due to stimulation of the sensory 
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fibres distributed in the muscular substance, and not to any 
spt-citic "electro-muscular sensibility." 

Besisiance. — A\1ieu a galvanic cm-rent is sent tlirough or- 
ganic tissues, such aa a portion of tlie human body, it encounters 
resistance (see Part I, page 3-t), just as when a current passes 
through a wire or other metaUic conductor. The ifsistance of 
organic tissue is, however, immensely greater than that of a 
metiiUic circuit. Uifferent portions cf tliis oi-ganic conductor 
have different degrees of resistance, as will jiresently be shown 
more in detail. It must also be bonie in mind that organic 
tissue conducts tlie current largely, if not altogether, by virtue 
of the electrolytic decomposition going on in the track of the 
cun-ent. (See page 49.) 

The course of the current in the body is determined, just as 
in other conductors, by the relative resistance offered by the dif- 
ferent tissues. Tlie largest ciUTent will nutumlly jmss through 
that tissue which offers the least resistance. In general terms it 
may be said tluit the more succulent tissiues are tlie best con- 
ductoi's. 

The resistance of the epidermis is gicater than that of any 
other tissue of the body. Kew-'nt dclermhiations of this resists 
ancG (l)y Giirtner and Jolly) have sliown that the resistance of 
the two layers of the epidermis in the percutaneous application 
of electricity is about tlnee hundred times as great as that of all 
the intervening tissues. Hence, in estimating the i-esistance of 
the body to an electric current, the tissues under the skin need 
not be considered at all, as the obstniction they ofl'er to the 
passage of the current is relatively imimportjuit. 

Wlien the current has jmssed through the body ibr a slioit 
time the resistance rapidly diminishes; in otlier words, the cur- 
rent passes thraugh more easily, as may readily be sliown by a 
millinmperemeter in the circuit. It is supposed by most writers 
that this diminution of resistance is due to iuci-eased hypericmia 
and succidcnce of the tissues permeated by the current, but 
there is reason to beheve that the electrolytic arrangement of 
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molecules in the track of the current has some influence ia ren- 
deriiijj the jmssage of tlie current easier. 

At the other extremity of the scale of resiBtance offered by 
organic tissues are the hrain, eyeballs, and spioal cord. £ach 
of these transmit the current with the greatest readiness. 

Density. — The density of tlie current varies very markedly 
in different portions of an organic conductor. At the points of 
entrance and exit the density is greatest, diminishing to the 
minimum at that iwrtion of the interpolar area where the cross- 



.—Intended lo eliow the illftrlbutiua nnd ilensity ot rarrent when clsctrode* of tlw 

■e pmployeil. 

.— 8howB the illirerence in density at tbe two polm vben electradM of diffarcDt riie 

\e electrodes are &ppUed near togetber ukd apon 

section of the conductor is greatest. This point may or may 
not be midway between the two poles. It depends largely upon 
the relative sizes of the electrodes, their distance apart, and the 
nature of the tissues tliemselves. The entire question of inter- 
polar resistance in organic tissues demands a thorough investi- 
gation in view of recent observations. 

Erb has endeavored to show diagram matically the varying 
density of the current. These diagrams, which are here repro- 
duced (Figs. 134, 135, 136), fail, however, to show the modify- 
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ing influence of different tissues upon the variations of density 
of the current. 

OBJECTIVE AND SUBJECTIVE EFFECTS OF ELECTRIC CURRENTS 

UPON THE COMMON INTEGUMENT. 

Both galvanic and famdic currents cause pain, burning or 
tingHng, contraction of the cutaneous muscles, and hypcra^mia 
at the points of application of the electrodes. Increase in strength 
of tlie galvanic current, or increased duration of its passage, will 
result in inflammation, and produce the chemical effects known 
as electrolvsis. 

The degree of pain produced depends not only upon the 
strength of the cun-ent, but upon the shape, size, and material 
of the electrode, and the portion of the body to which it is 
applied. In practice, it is found that moistening the elcctrode« 
with a warm saline solution reduces the pain by facilitathig the 
transmission of the current, i.e., diminishing the resistance of 
the epidermis. 

The greater degree of pain produced by diy electrodes is 
owing to the greater density of the current which enters the skhi 
at tlic mouths of the cutaneous glands, sweat-pores, or hair- 
follicles. Moistening and softening the epidermis furnish a 
larger number of points of entrance for the current by subdivid- 
ing it, and thus diminishing its density. 

Thempeutists avail themselves of the powerful stimulating 
properties, both direct and reflex, of currents of great density 
by using the electric brush (a small bundle of fine wires) as an 
electrode. When the object is to stimulate the skin directly, or 
to produce a reflex or derivative effect upon deeper or distant 
organs, the electric brush or small, dry electrodes are used and 
lightly applied to the surface. On the other hand, if irritation 
of the cutaneous and sensory nerves is to be avoided, the elec- 
trodes should be of large area, well moistened with a warm 
saline solution, and pressed firmly against the skin. Any 
one can convince himself of the different effects produced by 



154 PRACTICAL ELECTRICITY IN MEDICINE AND SURGERY. 

alternately giusping firmly and holding loosely in the hands the 
electrodes of a faradic machine. 

The pain of the galvanic current is hurning in character 
and more intense at the cathode ; that of the faradic current is 
ratlier in the nature of a prickling or tingling, sensation. By 
increasing the strength of the current the sensation can be in- 
creased to the point of becoming insupportable. 

The motor phenomena produced by the electric current 
upon the skin consist in contractions of tlie cutaneous muscles, 
throwing tlie skin into irregular prominences, — the familiar 
" goose-skin." When the current is applied to the brcast or 
scrotum, prominence of th^ nipple and retraction of the scrotum 
are produced. When the galvanic current is used these con- 
tractions soon disappear, but they are more persistent under the 
faradic current. 

Upon the blood-vessels of the skin the current first pro- 
duces a contractile effect and afterward acts as a dilator. There 
is anaemia as a primary, and hypcriemia as a secondary, 
effect. 

The objective effects of the constant current upon the skin 
are said, by Ziemsscn, to appear in tlie following order: Pallor 
with cutis anserina, hypera^mia, papular projection of the hair- 
Jbllicles, and, finally, confluence of the papules to form wheals. 
If the current is sufficiently strong the chemical effects of the 
electrolytic current become evident. The difference of chemical 
action at tlie two poles is very marked. The skin under the 
cathode soon becomes raised into a blister, which enlarges both 
in area and elevation. The reaction of the vesicular fluid is 
alkaline. Should the current be strengthened or much pro- 
longed, a brownish slougli forms. 

At tlie anode the inflammatory reaction is less intense, and 
the serum obtained from the wheal formed at the point of con- 
tact of the electrode with the skin has an acid reaction. The 
metiil surface of the electrode becomes oxidized and corroded. 

These chemical effects are due to the electrolytic action of 
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the cuiTcnt (q. v.). They are produced in all organic tissues, 
— skin, muscle, ner\'oua tissue, bone, etc. 

No thermic effects ai'e produced by tlie electrolytic current 
\inles8 muscular contraction is produced. This has been exiwri- 
, mentally demonstrated by Ziemssen, and is a result of daily ex- 
^jerience in elcctro-thcmiieutics. 



PHYSIOLOGICAL ErFECTS OF ELECTRIC CURRENTS UPON THE NEB^'ES 
OF SPECIAL SENSE. 

Optic Nerve. — In testing the elc'ctrical reaction of the nerves 
of special sense the galvanic cun-ent is usually employed. The 
optical effects produced by tlie current differ with the electrode 
used. Most of the definite knowledge upon this subject we owe 
to the masterly researches of Brenner. With one electrode at 
the nape of the neck or to the stenium, and the other applied in 
the vicinity of the eye or over the closed lids, a sensation of 
colored liglit is produced in the eye tested. The sensation of 
color is subjective, ami not objectively visible to the experi- 
menter. With Ca. CI. the colors are a light-blue centre and a 
yellowish-green halo a little to the outer side of the visual axis. 
Ileversal of the cun-eut produced a reversal of the relations of 
the colors : thus, on An. CI., the centre is yellowish green and the 
halo light blue. An. O. produces the same color-reaction as Ca, 
CI., and An. CI. the same as Ca. O, Everj- electrician is familiar, 
also, witli the momentary flash of light caused by closing or 
onioning a circuit through or in the vicinity of the eyelmll. 

Auditory Nerve. — A sound sensation is caused by the gal- 
vanic' current when the electi-ode is placed in the external audi- 
tory canal or over tlie ear. At Ca. CI. a sound is heard which 
gradually diminishes. This sound is variously described as bum- 
ming, soughing, purring, and sometimes as a distinct ringing. 
I Moderately strong currents (4 to 8 Ma.) are required to produce 
the effect in most individuals. The An. O. sound is of the same 
character ns the Ca. CI. sound, but not so distinct or long con- 
tinued. Xo sound is produced on An. CI, or Ca. O. 
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Testing the galvanic reaction of the auditory nerve is diffi- 
cult, and attended by many discomforts to the subject of the 
^^ cxyx^riment. Erb uses as the testing electrode a 
••■^^B Bftg^ fiat electrode, applied over the auricle a little 
^tjl back of the meatus. Brenner used tlie electrode 
I shown in Fig. 137. The funnel is inserted into tlie 
^ 1 extcmal auditory meatus, and then filled with 
^ ,Jr warm water to cause diffusion of the current and 

r lU. \oi. 

prevent injury to the delicate structures m the ear. 

Gustatory Nerve. — A galvanic current in the tongue, or in 
the vicinity of the gustatory nerve, calls forth a sensation of 
taste wliich varies with the pole employed. The cathodic taste 
is bitterish, while tliat produced by the anode is of a metallic 
and somewhat acid character. The sensation sometimes persists 
for hours after the stimulation. In some persons this " galvanic 
taste " is developed even though the electrodes are not applied 
near the mouth or tongue.* This sensation is doubtless due to 
a specific stimulation, direct or reflex, of the gustatory nerve, 
and not, as some authors have supposed, to electrolysis of the 
fluids in the mouth. In some persons the cathodic -taste cannot 
be developed, only the anode causing tlie peculiar sensation. 

Olfactory Nerve. — Weak galvanic currents, .1 to .2 Ma., pro- 
duce a peculiar odor when passed through the Schneiderian 
membrane on Ca. CI. or An. O. 

PHYSIOLOGICAL EFFECTS OF ELECTRIC CURRENTS UPON THE CENTRAL 

NERVOUS SYSTEM. 

Brain. — When a galvanic current is passed transversely 
through the brain, the electrodes being placed upon the mastoid 
process(»s, dizziness is produced, which begins with closure of 
the circuit, and continues during the passage of the current. 
The sensation is not merely subjective, but can be demonstrated 
objectively. The electric vertigo always causes movement of 

* This motalllc taftto. which ifi very disaf^eeable to some persons, can be removed by chew* 
iDg roasted coifec for a few niinutctt. 
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the liead toward the side of the anode. On openmg the circuit 
a movement in the opposite direction (toward the cathode) is 
experienced. Reversal of the current with closed circuit (V. A.) 
doubles the intensity of the vertigo. The dizziness is produced 
in the horizontal as well as vertical position. On closhig the 
eyes, or in blind persons, the sensation is experienced as well as 
with the eyes open, or in those who ha\e good vision. No ver- 
tigo is produced when both electrodes are placed on the same 
side of the head, or when the faradic cuiTcnt is used. 

Strong galvanic currents sent through the brain also produce 
co-ordinated ocular movements. The eyeballs move in a jerky 
manner toward the cathode, and then slowly toward the opposite 
side, followed by a- pendulum-like oscillation from side to side. 
Stronger currents produce rotatory nystagmus, or fixation of the 
eyeball toward the side of the cathode. 

Confusion of thought, occipital headache, and nausea, or 
vomiting, sometimes follow the attempts at bmin galvanization. 
Very strong cuiTents have caused fainting and convulsions. 

The brain-substance is directly susceptible to galvanic 
stimulation. Hitzig and Fritsch have demonstrated experiment- 
ally that electrical stimulation of certain motor areas in the 
cerebral cortex causes movements in the appropriate groups of 
muscles corresponding to the stimidated areas. 

Lowenberg states that brain galvanization causes contrac- 
tion of the vessels in the cathodic area and dilatation in the 
anodic area. These statements have, however, not been confirmed 
by any other experimenter. 

Spinal Cord. — A galvanic current sent along the spine with 
the anode at the nape of the neck, and the cathode over the 
lumbar vertebrae, will sometimes cause contractions in the thigh- 
muscles, as well as sensations (pricking, scalding) in the legs. 
The benefit derived from galvanism of the spinal cord in certain 
forms of spinal disease, c.gr., tabes dorsalis, chronic myelitis, etc., 
may be regarded as confirmatory of the experimental results 
obtained. 
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Sympathetic Metre. — Clinical observation seems to show that I 
electrical stimulation of the superior cervical ganglion of the I 
sym[)athetic nerve is of benefit in many morbid conditions la 
which this agent is apphed. Careful pliysiological expcrimonts 
have failed, however, to give any exact or uniform results from ' 
the jmssage of tlie current through or in tlie neighborhood of 
the ganglion. The metliod usually adopted to stimidate tliis 
ganglion, by the apphcation of one electrode in tlie auricuio- 
niaxillary fossa and the otiier to the back of the neck, distrib- I 
utes the cnrrcnt over so many important structures that it is \ 
impossible to give any definite value to the effect produced upon 
the ganglion. Most ek-ctro-therapeutists, therefoi-c, reject the | 
term "galvanization of the sympathetic," formerly so generally ] 
used. The German nutlioi-s use the expression, "galvanization { 
at the neck," while Do Watteville proiroses the convenient terra, I 
"subaural galvanization," which seems to the writer an accept- 
able phrase, as it simply indicates the point of applimtiou of 
tlie active electrode, Tlie must usual effects of the galvanic 
current are a sense of drowsiness and vertigo beginning with j 
the closure, and continuing for some time after the oi>euing, of 
the circuit; hyi»rfemia, followed by aniemia of the retina, dila- \ 
tation of the pupil, diminished blood-pressure and frequency of 
the pulse, and a general sensation of warmth. None of these 
effects are coustant 



PHYSIOLOGIC A I, EFFECTS OF ELECTRICAL STIMULATION OF THE 
THORACIC, ABDOMINAL, AND PELVIC VISCERA. 

Heart. — Von Ziemssen has made experiments iiiHin the 
exposed lieart and \)hrL'uic nerve in a case where this oi^n and 
nerve could be directly reached with the electrode-s. The gal- , 
vanic current increased tlie force and frequency of the contrac- 
tions when tlie electrodes were placed directly ui>on the heart. 
The cathode produced more decided effects than the anode. 
^A'hen the current was directed to the ganglionic area, the 
frequency of the beats was doubled or trebled, but the regularity 
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of pulsation was not interfered with. Strong currents through 
the chest- walls also increase the frequency of the heart-beats. 
A current from the spine to the sternum causes cough on closing 
the circuit. 

Direct galvanic stimulation of the phrenic nerve produced 
in von Ziemssen's experiments tlie*same series of contractions 
as arc caused hi otlier purely motor nerves. No sensations were 
produced. 

(Esophagus. — Tlie muscular coat of this organ contracts 
promptly upon the application of an electric current through an 
hisulated sound. The faradic cuiTCiit is more prompt in its 
effects than the galvanic. 

Stomach. — Galvanic stimulation of the stomach produces 
increased secretion, muscular contraction, and an anaemic con- 
dition of the mucous membrane. Faradic currents are often 
useful in combination with the galvanic. The pyloric extremity 
of the stomach reacts more promptly to the electrical stimulus 
than does the cardiac end. When the organ is moderately 
filled with fluid and gases the contraction is more marked. The 
stomach can be made to contract either by passing an insulated 
sound into the organ and stimulating the mucous membrane 
directly, or through a layer of water with which the organ has 
been filled ; or the electrodes of proper size and shape may be 
applied to the abdominal walls over the stomach (percutaneous 
method), or the contractions may be developed by galvanic or 
faradic stimulation of the vagi. Either of these methods can 
be adopted for the purpose of physiological experiment, but the 
percutaneous method is the least troublesome, and apparently 
effective for therapeutic purposes. 

Intestinal Canal. — Contraction of the lumen of the digestive 
tube is obtained by limiting the action of the current by means 
of an insulated intra-intestinal electrode. Percutaneous currents 
show slight effects, if any, upon the calibre of the tube. Never- 
theless, the usefulness of the current in torpor of the intestinal 
canal cannot be entirely attributed to increased secretion from 
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tlio mucous lavcr. but mu<t be due in a measure to the contrae- 

m 

tioH'i of tlie nuiNfles of rhe iute>tiues, which substitute the 
ordinary |k?ristaltie raoveniouts. 

Li'ifer. — No otf-x:s are produced \\\wn tliis organ by the 
electric current, so far a< our present knowledge extends. 

Gall-bladder. — Direit elet^trizjuion of the gall-bladder 
will aiuse contraction of its walls, but no such effect can be 
demonstrated after tlie iK*rrutamx)us appUcation of tlie current. 

Gerhardt, however, advi^^es faradism to the hypochondriac 
rei^ion in rases of catarrhal jaundice, and believes that bv the 
contraction of the muscidar cixit of the gall-bhidder the obstruct- 
ive plui: in the. duct can Im? driven out aud tlie discus emptied. 
\'on Ziemssen and IJenihardt reijard this effect as doubtfiiL aud 
the latter thinks the favorable result is due to contraction of the 
abdominal walls, and not to the gall-bladder itself. 

Spleen. — The exjxjsed spleeu can be mside to contract by 
direct ele(*trization. C onrractions can also be produced in this 
organ by stimidation of the imeuinogastric. In certain |)atho- 
lo:»:ical conditions (malarial enlargement) marked improvement 
followed |>ercutaneous taradiz;ition of the region of the spleen. 

Kidneys. — ExiK^riments \\\^\\ these organs with the electric 
current have given neg-ative n^sults. 

Urinary Bladder. — C ontractions of this uscus can be pro- 
dufvd with lK>th currents. The methods are either jx^rcuta- 
ncous, or bv moans of an insidateil sound in the bladder and a 
large abdominal or lumlxir electrode. 

Urethra. — The galvanic as well as iaradic currents produce 
contractions of the muscidar coat of the urethra. 

Uterus. — The non-pregnant uterus can be stimulated to con- 
traction by dinvt galvanization and faradiziitiou. In the preg- 
nant condition contractions can also be stimulated by application 
of one electrode to the cervix, and the other to the abdominal 
wall over the fundus. In post-jiartum haemorrhage energetic 
coiitractions can be produced by intra-uterine faradization, — one 
electrode being applied to the interior of the fundus and the 
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other to the cervix. Menstruation can also be increased by the 
galvanifc current to the uterus. 

Ureters. — The ureters can be made to contract by direct 
stimulation, — as in physiological experiments, — but in the living 
subject the electrization of these organs is not practicable. 

LOCALIZATION OF THE EFFECTS OF ELECTRIC CURRENTS — MOTOR 

POINTS OF MUSCLES. 

The observations of Duchenne long ago showed that cer- 
tain points on the surface of the body were apparently " points 
of election " for the stimulation of certain muscles. R. Remak 
and von Ziemssen demonstrated that these points correspond to 
the place of entrance of the motor nerve into the muscle it was 
intended to stimulate to contraction. Tliey are now called, by 
all electro-therapeutists, "motor points," after von Ziemssen, 
who, by his masterly researches, rendered further work on this 
subject superfluous. In the following account the description 
of von Ziemssen is closely followed. 

Motor Points of the Muscles of the Head, Face, and Neck. — 
From an examination of Fig. 138, following page, it will be seen 
that while some of the points where the nerves or muscles can 
be stimulated are very restricted in size, — are literally " points," 
— others are lines, in some cases several inches in length. These 
latter indicate that the respective nerves or muscles can be stimu- 
lated to contraction if the exciting electrode is placed at any 
point along the line. It will be recollected that the galvanic 
cuiTcnt will give a short, quick contmction or jerk, immediately 
followed by relaxation unless a very strong cun-ent is employed. 
In order to get a continuous contraction, therefore, the faradic 
current must be called in requisition. For purposes of diag- 
nosis, indeed, both currents must be used in succession, as will 
be shown in the next chapter. It will be understood that while 
in many cases the stimulation of the muscles is spoken of it is 
usually meant that the stimulation of the nerve causes the 

muscular contraction. 

11 
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Facm/ Nente. — The tnmk of tlie focial norve can be stimui 
latcd in tlii? exU.Tnnl auditory canal, at the shlo-niiistoid furs 
nifii, and directly below the extt-nial meatus, as exhibited in 
Figs. 138 and 139. Eftect: To di-aw tlie entire hall' of the face 




toward the side stimidiited. The niotith and nose are draw 
sideways, the eye tif^Iitly closed, and the ekln thrown intf 
numerous folds. (See Fig. 139.) In some cases of severe &ci^ 
Bpasm a similar expression is present. 
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Tlie jM>st-auiicuIar braucli of the fiicial is reached where jfl 

' winds around the auricle, as sIiowti in Fig. 138. Effects : Tffl 

draw the pinna upward and backward, and to depress tJie scald 

posteriorly. 

The branches to the stylo-hyoid and digastric muscles cRti 
only rarely be stimulated singly. The motor points are situate) 
near to each other, and the muscles usually coutract together. 
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The contraction of the attmhens and attollens anriculum is] 
readily stimulated by pressing the electrode on the zygomatii 
process of the temporal bone, on which tlie branches of th) 
facial going to those mnsrles are found. The effect is to draw 
the auricle upward and forwanl. 

The frontalis muscle is stimulated to contraction through 



J 



^ 




The expression vnries accordiiifj to tlic intmsity of the contrac- 
tion from nttention to astonishment, surprise, and teirnr. 

The romigntor snpercilii is easily isolati'd at tlie outer anple 
of the brow. (See Fifjs. 138 and 141.) Effects: rintfeninf; 
and depression of the eyebrows, so that tlie latter ovevliang the 
upper lid. The inner ends of the hraws are at the same time 
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diawii upward nnd inward, throwing the skin into vertical fold 
over tlie glabella. TIic expressions produced are those of i 
tlcction, sternness, pain, and anger. 

The orbicularis palpebrarum may be stimulated over tfa< 
malar bone or the parotid gland. (See Fig. 138.) AVhen thfl 
nerve is stimntated before its division into its superior and inferioJ 
branches the effect is to close the eyelids. 

The zygomaticus major can be stiraidatcd to contraction ad 




the posterior inferior border of the malar boue, near the origii 
of the muscle. Bilateral rontraetion of this muscle draws 
angles of the mouth outward, throws the skin of tlie cheeks 
into arc-like folds, and closes the eyes. (See Yig. 142.) The 
expression faused is that of mirth and laughter, which may 
increased to tlie point of caricature. 

The zygomaticus minor can be reached over the junctn 
of the malar bone with the superior maxilla. Its stimulation is' 
always jwinful on account of the infra-orbital l)vaiirh of the 
fifth nerve, which is affected by the current. The effect is to 
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raise the upper lip and draw it outward, causing an expression 
of dissatisfaction or pain, (See Fig. 143.) 

The levator labii superioris is difficult to isolate, but can 
sometimes be picked out on the side of tlic nose near the motor 
point for the zygomaticus minor. Its contraction raisps the 
upper lip on the stimulatcti side jierpevidicularly, and sometimes 
exposes the teeth. (See Fig, 144.) 

Stimulation of the levator labii su^ierioris al^que nasi, on 




Fig. I«.— Cos traction of tr« I. 



L.ADI1 SCPERionia PnopBtus. 



the side of the bridge of the nose, produces, like tlie preceding, 
a weeping or wliining expression. (Sec Fig, 145.) 

In order to produce complete contraction of the orbicularis 
oris four electrodes are necessary, one applied to each of tlie 
motor points, shown in Fig, 138, where the branches of the 
nerve enter the muscle. It is, perhaps, better on the whole to 
stimulate the muscle directly. Effects: Its complete conti-action 
produces projection of the hps (pouting), and throws the skin 
and mucous membrane into fine folds. 

The buccinator may be stimulated at the inner border of 
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the masseter. Effects: The mouth is drawn to one side and the 
cheek is pressed against the gums and teeth. (See Fig. 146.) 

The triangularis menti may be isolated near the angle of 
tlie jaw, or may be caused to contract jointly with the levator 
menti by stimulating the common branch of the facial running 
to these muscles befon- its division. Effects: If draws the nnglc 
of the mouth and the outer Imlf of the, lower lip downward and 
outward, widening but nut ojR-uing the mouth. 




FlO, HT.— Bit, A TEH A I. 



The quadratus menti is liest stimiddted dii-crtly, as it is 
difficult to isolate tlie nerve going to it. Effect: To draw the 
respective sides of the lower Up downward and outward, press- 
ing it against the teeth. (See Fig. 147.) 

The levator menti may sometimes he stimnbited by appli- 
cation of the electrode over the nerve after it branches off from 
the nerve sup])lying this muscle and the triangularis, but it is 
usually better to apply the electrode upon the muscle itself just 
at the inner edge of the quadratus. Bilateral contraction of the 
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lerator menti causes flattening of the chiii, and partial ectropium 
of the lower lip. The expression pmdaced l« that of conti^mptti- 
ous liaoghtitiess. (Hee F\g». 148 and 149.) Von Ziemsi^en 
Mfft, with ilt-cotioeatt-'d sarcasm, that this ranscle may be cod* 
ndcred the interpreter of exalted selt^nsiciousness in sctcntist&, 
officiaLi, and aristocrats, lie calls it the ''Geheimraths-muskel." 

^^ — privy-councillor's muscle. 

^ft The massetcr aud tt-mii'^ral muscles can be made to con- 

^^^^^^ Pio, i« 

V tract only by 
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tract only by direct muscular stimulation, as the nervous supply J 
ix too deeply situated to be reached from the surface. The I 
masscter can be stimulated in the sigmoid notch of the lower | 
jaw ; the temiwral by one electrode on the anterior and the I 
other on the posterior division of the muscle. Kffect: Strong 1 
closure of the mouth and chattering of the teeth. 

Contraction of the lingual muscles can be produced by I 
unilateral application of an electrode, on either side, above, or I 
below. 
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The velum of the palatt' can be drawn upward so as to 
close the posterior nares, by using two electrodes, 

Tlie uvula can be made to disappear almost entirely by 
pressing a fine electrode liglitly against its base. The azygos 
muscle contracts and the entire uvula seems to shrink up. 
Iciivii!}; only a small knoh-ilke projection. 

By pressing an electrode against the internal wall of the 
pharynx the constrictors can be readily brought into play. 
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I 



The platysma myoides receives its nervc-supplj' from the 
descending facial and the cervical plexus. lu order to produce 
complete contraction both electrodes must be used, one being 
placed over the cervical branch at the middle of the stemo- 
cleido-mastoid and the other over the branches of the facial 
nerve. In Fig. 138 these points are indicated as "rami cervical, 
pro platysmat.," and "rami subcutan. colli n, facial." Effect: 
the depression between the lower jaw and the clavicle is flat- 
tened, and the skin thrown into vertical folds. The lower iip 
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u (tra«m do^mwanl. anrl if the current is strong the Iccth arc 
cxpo^. The rxpre!<;!iiQn prodnccd is that of wrath, fear, and 
horror. e^|xvially if the frontalis and corrugatores supcnnlii ate 
mnxc(] to rontpirt nt the santc time. 

The stemoclcido-majiloid can be stimulated to contraction 
at the middle of the miper half of the muscle. One-sidi^d con- 
traction of tliis miLicle causes twisting of the head toward the . 
op]K)8ite side of the body and the hejid Is bent downward side- 
ways, as is well shown in Fi<i. 150. 




Hilateral contraction causes projection of the face, wiu 
elevation oftlie chin and bending of the cervical spine. 

The trapezius muscle is easily stimulated to contraction by 
placing the electrode over the external branch of the spinal 
accessory nerve, which can be readily reached from a point near 
the insertion of the stern o-cleido- mastoid, running over the 
upjier portion of tliis muscle, and outward toward the shoulder, 
as shown in Fig. 138. 
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The effect of bilateral stimulation is shown in Fig. 151. 
Tlie shoulders are raised and the scapulte dra«Ti toward the 
spine. The skin of the neck is thrown into large folds. 

The levator anguli scajralpe is suiiplicd by a branch from 
the fourth cervical nerve, which can be isolated with a fine 
electrode a little below the motor point for the trapezius. 
Effect: To raise the inner angle of the scapula, and draw it 
inward and forward. The suiwrior and inferior clavicular s^jaces 
are converted into deep sulci and the clavicle rendered extremely 
prominent. 




Trapb/ii's MuacLES. 



The stern 0- thyroid, omo-hyoid, and .stemo-liyoid may be 
reached at the anterior border of the stem o-cicido- mastoid near 
its middle. The two latter can also be stimidated between the 
two points of origin of the sterno-cleido-raastoid muscle. 

The phrenic nerve is found at the outer border of the stemo- 
cleido-mnstoid, in front of the scalenus anticus and above the 
omo-hyoid. Effect: Rnpid contraction of the diaphragm, pro- 
jection of the belly, and forcible inspiration. As faradization 
the phrenic nerve is a recognized procedure in 5US|x>nded 
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respiration, it is important that it should be frequently pncticed 
in order that the method may be &miUar should the physician 
be suddenly required to employ it. The electrodes (bilaterally*) 
should be pressed inward firmly behind the clavicular portion 
of the stemo-cleido-mastoid. 

The isolated electrical stimulation of the laryngeal muscles 
is extremely difficult even to the expert laryngoscopist Per- 
cutaneously, the crico-thyroids can be thrown into strong con- 
traction by appljing the electrodes on either side of the crico- 
thyroid ligament. 

Stimulation of the pneumogastric nerve is uncertain, 
although a number of authors assert its practicability. Du- 
chenne used an oesophageal electrode, while others apply the 
electrode at the inner border of the stemo-cleido-mastoid muscle, 
immediately below the omo-hyoid muscle. 

The brachial plexus is easily stimulated as a whole, but the 
isolated stimulation of single nerves is often difficult The three 
heavy bars on the side of the neck show the area for stimulating 
the plexus. (See Fig. 138.) 

The posterior thoracic nerve is reached near the spinal 
accessory at the border of the trapezius. Its stimulation causes 
contraction of the rhomboid and scrratus posticus superior, 
drawing the scapula toward the spine and upward, and slightly 
raising the upper ribs. 

The lateral thoracic nerve is stimulated above the clavicle 
near the border of the trapezius. Effect: contmction of the 
serratus magnus, drawing the scapula forward. 

The anterior thoracic is best reached below the clavicle and 
at the upper border of the pectoralis major muscle. Its stimu- 
lation causes the upper arm to be drawn forcibly against the 
chest. 

At the upper end of the middle bar (Fig. 138), showing the 
surface for stimulating the brachial plexus, is a point whence 
a group of muscles consisting of the deltoid, biceps, brachialis 
anticus, and supinator longus can be stimulated to contraction. 
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This was first indicated by Erb and called by him the supra- 
clavicular point. It is now generally known as "Erb*s point." 

Motor Points of the Upper Extremity. — In many persons the 
axillaiy nerve can be reached at a point just above the clavicle, 
and a little external to the surface for the brachial plexus. 
Stimulation of this nerve produces strong contraction of the 
deltoid muscle. 

The musculo-cutaneous nerve is found in the depression 
between the coraco-brachialis and the biceps, or between the 
two heads of the latter. (See Fig. 152.) Stimulation of this 

N. mntaal<y-floUn. M. bioep*. 




N. mawmlo- Cap. tnt«rn. N. madia- N. nlnaria. ^%m. N. mediani 

aotaa. M. tridpii. nva. M. bimohialia pio M. pronator. 

iattraaa. tarat. 
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nerve causes contraction of the biceps and brachialis anticus 
muscles, flexing the forearm. 

The biceps alone is stimulated a little below the point 
above mentioned, and the brachialis anticus about the middle 
of the arm. 

The median nene is found along the entire length of the 
bicipital groove, but can be best stimulated at the lower third 
of the humerus, where it may be pressed against the bone. Its 
stimulation causes contraction in the pronator quadratus and 
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teres, flexor carjji radialis, palmaris longus, flexor sublimit and 
profundus, the muscles of the ball of the thumb, and the three 
first lumbricalcs. Effects: Strong; prunation of the forearm, 
flexing the hand toward the radial side, flexing the fingers, and 
opposition of the thumb. 

In th<! forearm the median is found sui>erficially one inch 
above the wrist-joint between the tendons of tlie flexor ladialis 
and the palmaris longus. Effects : Ahduetion of the thumb 
with stroncr spasm and slight flexion of tlie first phalanges of the 
index and middle fingers, and geuei-ally of tlie ring-finger 
(Fig. 153). 

Tlie flexor subUmis and profundus digitoriim cannot be 
stimulated alone throuf^li their nerves, but can bo directly caused 
to contract at the ^roiuts marked in Fig. 154. The flexor carpi 



Pio. 1S3.— Effect 




radialis and palmaris longus can be stimulated at ^roints indi- 
cated. The flexor radialis and palmaris longus can best be 
stimulated through the nerves at the [joints shown in the flgure 
(154). The branches to the pronator quadratus and the flexor 
poUicis longns cannot be stimulated owing to tlieir deep location. 
The ulnar nerve can be stimulated tliroughout its course 
from the axilla to the elbow, hut the best point at wliich to apply 
the electrode is the groove between the olecranon and the internal 
condyle of tlie Iiumerus. Famdie stimulation of tlie nerve at 
this point produces pain in the area of distribution of the bmneh 
to the palmaris longus and tlie bmnches to the dorsal and volar 
surfaces of the hands, as well as contractions of tlie flexor carpi 
ulnaris, flexor profundus, palmaris brevis, the interossei, lumbri- 
cales, adductor poUicis, and the little-finger muscles. 
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The motor root for the flexor uhiaris can sometimes be 
isolated at its entrance into the muscle one inch below the 
internal condyle. The muscle can be directly stimulated by 
applying the elcctrocles immediately upon it It draws tlie hand 
toward the ulnar side. 




Fio. IH.— MoroB Ponm of Pobkabk. 



In the lower part of its course the lUnar nerve is easily 
found on the mdlal side of the tendon of the flexor carpi 
ulnaris (Fig. 154). Its stimnlation produces contraction of the 
muscles of the hand above mentioned, and causes the hollowing 
of the hand, adductiou of the thumb, flexion and opposition of 
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the little finger, and moderate flexion of the remaining fingers 
at the metacarpo-phalangeal joints. 




THE OfIMDXENS rOLLICla. 



The abductor, flexor, and opponens minimi digiti are all 
three foutid in close proximity near the ulnar border of the palm, 
the latter being farthest inward and forward. (See Fig. 154.) 




Fio. 1S6.— Motor Foi»w 



(EicTEjiBOK Sun I 



The motor point for the palmaris brcvis is found a little farther 
back and inward. 
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The muscles of the ball of the thumb — abductor pollicis 
brevis, opponens pollicis, and flexor poUicis brevis — are easily 
stimulated tlirough the nerves. Fig. 154 shows the motor 
points. The effect of contraction of the opponens jwilicis is 
shown in Fig. 155. 




FoBBAitK Ays Ha:rd. 



The himbricales arc reached at the points indicated in Fig. 
15-t. Their stimulation produces slight flexion of tlie first 
phalanges and twisting of the fingers toward the ulnar side of 
the hand. Tlie fourth and fifth himbricales of violin-players 
give a specially good reaction on account of the development 
of these muscles in stich persons. 
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The other palmar muscles are difficult to isolate and stim- 
ulate singly to contraction. 

The radial ner\'e can be stimulated at a point midway be- 
tween tlie insertion of the deltoid and the external condyles of 
the humerus (Fig. 156). Its stimulation causes pain in the 
area of distribution of the superficial radial to the dorsal surfaces 
of the fingers, and contraction of the supinator brevis, extensor 
carpi radialis longus and brevis, extensor ciirpi ulnaris, extensores 
communis, indicis, minimi digiti, poUicis longus and breads, and 
adductor pollicis. The effect is supination of the forearm, with 
extension of the hand and thumb and extension of the first 
phalanges of the fingers, the remaining phalanges being partly 
flexed. 




Fio. 18B.— Stimulation of the Abductor Poulicib Longus. 

The extensor carpi radialis longior can only be stimulated 
by direct electrization, as the nerve is too deeply situated to 
respond to the current. 

The supinator brevis, extensor carpi radialis brevis, extensor 
carpi ulnaris, anconeus, and extensor communis are Ukewise only 
accessible to direct electrical stimulation. (See Figs. 156, 167.) 

The abductor pollicis longus is stimulated about midway 
between the elbow and wrist near the radial border of the fore- 
arm (Fig. 157). Its action is to abduct the thumb, leaving the 
last phalanx partly flexed (Fig. 158). 

The extensor indicis is reached a Uttle above the point for 
the abductor pollicis, and between these two is a common motor 
point for both muscles. 
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The extensor minimi digiti can rarely be stimulated alone 
through the nerve, but contraction can be produced by sending 
the current directly tliroiigli the muscle. The point is a little 
above the middle of the tbroarm near the ulnar border. 

tHotor Points of the Trunkal Muscles. — The action of the 
interccstjil muscles is to laisc the ribs during inspirfttion. How- 
ever, owing, to the super(K)sition of other muscles, the former 
cannot be isolated and theii* actions separately studied in the 




FlQ. WB.— MOTOB roiKTB 



normal condition. By pressing the electrode firmly against the 
lower border of tlie ribs the muscles for that interspace will be 
thrown into contraction. 

The motor points for the recti muscles of the abdomen are 
four or five in number. Simultaneous stimulation of all these 
pciuts causes flattening of the abdomen. \\Tien those above 
the umbilicus are alone stimulated the abdominal wall is draivn 
upward ; when those below are stimulated the wall is drawn 
downward. 
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The external oblique muscle has ibiir or fire pcMnts laterally 
above the umbilicus. (See Fig. 159). The actMm is to flatten 
the lateral abdominal walk. 

Tlie transversalis muscle of the. abdomen can be stimulated 
at the anterior border of the quadratus lumborum just abore the 
CTest of the ilium. 

T>ie internal oblique is reached above the anterior superior 
iliac spine and just in front of the point for the transrersalis. 

The latlssimus dorsi can easily be stimulated directlv. but 

• • • 

tlie points of ner\'e-supply are extremely difficult to find. 

Motor Points of the Lower Extremity. — The motor points of 
the lower extremity are usually found over the muscles them- 
selves, and contraction of the latter can be most easily produced 
by direct stimulation. The principal branch of the crural nerve 
wliich supplies the extensor muscles of the thigh can be isolated 
at the inner border of the rectus femoris about the middle of the 
thigh. Its stimulation causes contraction of all the extensors of 
the thigh (quadriceps femoris). 

The rectus can be stimulated at a point a Uttle external to 
the last. The electrode is pushed under the inner border of the 
muscle. The vastus extemus may be stimulated through two 
points on the outer border of the thigh a few inches above the 
knee. 

The crura^us is found at the inner border of the sartorius 
at the junction of the middle and lower thirds of the thigh, 
and tlie vastus intemus along the inner border of the sartorius 
in the lower third. The sartorius is stimulated at the apex of 
Scarpa's triangle. Two electrodes should be used, one at the 
point mentioned and the other on the lower half of the muscle. 

The tensor vaginae femoris (tensor fasciae latae) derives its 
nerve-supply from two sources, the superior gluteal and the 
crural nerves. The muscle presents two motor points, one near 
tli(3 outer border of the thigh directly outward from the exit of 
tlic crural n(»rve, and the other somewhat lower and farther 
hiward. (Sec Fig. 150.) 
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The obturator uerve can be ibuiid over the obturator foTa* 
men. Its stimulatioD produces adduction of the thigh. Of the 
branches of the obturator nerve, those going to the adductores 
brevis, longue, and maguus, and to the gracilis, may sometimes 
be singly stimulated to contraction. 

The sciatic nerve (Fig- 161) is reached with a strong cur- 
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rent and large electrode applied between the trochanter major 
and the tuber ischii. Its stimvdation produces contraction in the 
flexor muscles of the leg and foot, and pain in the area of distri- 
bution of the sensitive fibres. 

The heads of the biceps are each suppHed with a branch 
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of the sciatic nerve. That going to the long head is reached in 
the middle of the thigh, just under the fleshy part of the but- 
tock. The short head is reached lower down and nearer the 
outer border of the thigh. 

The scmi-tendinosus and semi-membranosus muscles may 
be stimulated at the same height as the long head of the biceps, 
but nearer the inner border of the thigh. 




— MOTOB POIJITS 



The peronei, tibialis anticus, extensor communis longior et 
brevior and extensor hallucis longus are stimulated to contrac- 
tion through the peroneal nerve, which is reached where it 
crosses the posterior aspect of the head of the fibula. 

The tibialis anticus can also be isolated through a motor 
point about three and a half inches below the head of the fibula. 
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(See Fig. 162.) Its stimulation produces strong dorsal flexion 
of the foot, with a slight outward turn. 

The extensor communis longus is found parallel to the 
tibialis anticus, but a little farther outward. 

The posterior leg-muscles can be stimulated to contraction 
by placing the electrode over the posterior tibial nerve in 
the popUteal space. The nervous branches to the individual 
muscles are difficult to isolate, but the motor points for intra- 
muscular stimulation are indicated in Figs. 162 and 163. 



CHAPTER 11. 

Electro-Diagnosis. 

Both the faradic and galvanic currents are used for diag- 
nostic purposes in pathological conditions of nerves and muscles. 

When the faradic current is employed it is of little conse- 
quence which pole is used, as the reaction of the nerve and 
muscle is the same in quality for both poles. The secondary 
spiral acts, however, with greater intensity, and is for this 
reason usually employed. 

On the other hand, when the galvanic or constant current 
is used, the selection of the pole to which the testing electrode 
is attached is of the greatest importance. This will be readily 
appreciated when it is borne in mind how differently the two 
poles act upon nerve and muscle, or upon the organs of special 
sense, in their normal condition. 

The diagnosis of morbid conditions of nerves and muscles 
by means of the electric current demands certain special quali- 
ties in the physician that will have been appreciated perhaps by 
those wlio have read the preceding sections of this work. The 
electro-diagnostician must have a good practical knowledge of 
the apparatus employed, and he must be famihar with the loca- 
tion of the various motor points of muscles, and of the effects 
produced when these are stimulated in their normal condition. 

The pathological conditions which modify the normal reac- 
tions and the nature of these modifications will be described in 
this chapter. 

In order to permit the comparison of different observations 
the same apparatus — ^batteries, electrodes, galvanometers, rheo- 
stats, etc. — should always be used. Care must be taken that the 
connections in the circuit are tight and without insulation, and, 

(187) 
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unless previously determined, the anode and cathode should be 
found by experiment and appropriately marked. 

The electrodes most suitable lor testing are the so-called 
" normal " electrode of Erb and the " unit" electrode of Stintzing. 
The former has an area of ten square centimetres and the latter 
three square centimetres. With the latter finer work in isolating 
nerves lying close together can be done, but its use requires an 
exactness of anatomical knowledge which is not very common. 
Hence, for practical purposes the normal electrode of Erb will 
give greater satisfaction. 

The testing electrode should have a key for closing and 
opening the circuit conveniently in the handle. More compli- 
cated electrodes, such as contain commutator and rheostat in 
the handle, are not desirable, since they are liable to get out of 
order, and are either cumbersome or untrustworthy. 

As the indifferent electrode, the large, "indifferent" elec- 
trode of Erb may be used. The size of this is not very im- 
portant, but it should be sufficiently large to diffuse the current 
so as to cause no reaction at the point where it is appUed. The 
point of application should always be the same, the sternum 
being generally selected by electro-therapeutists on account of 
convenience, absence of points of irritation, and equability of 
surface. 

In testing the irritability of nerves and muscles for diag- 
nostic purposes, a regular programme should be adopted and 
always followed. This soon becomes habitual, and errors and 
omissions more rarely occur than when an irregular course is 
followed. 

Supposing the case presented for diagnosis were a one-sided 
lesion of the facial nerve, the electrical reactions of the nerve 
and muscles of the sound side should first be tested, beghining 
with the faradic current and then testing with the galvanic cur- 
rent. After determining seriatim the electrical reactions, both 
faradic and galvanic, on the sound side, and entering them upon 
an appropriate record-blank, the same course should be gone 
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through with on the diseased or iujunxl side, foUoiviug tlic- sninc 
order of proceeding. 

The reason for using the faradic cniTcnt first is this : The 
passage of the induced current has little, if any, influence upon 
resistance (or conductivity) of the epidermis, wliile the galvanic 
current invariably reduces this resistance after passing a short 
time. It is evident that when the resistance is diminished a 
weaker current would produce tlie reactioji tested for in tlie 
nerves and muscles. This would cause confusion in the records, 
and the practitioner would not be able to compare tlie reactions 
given from day to day, or week to week. Hence, the imimrtance 
of having a regular scheme or programme for electro-diagnostic 
examinations which should be adhered to in daily practice. 

In testing with ttie faradic current the secoudarj' coil should 
be used. The strength of current is noted upon tlie scale 
affixed to the sledge induction apparatus. This scale is usually 
divided into millimetres, and indicates the distance to which the 
outer coil is made to slide over tlie inner, The German authors 
call tliis distance " Rollenabstand," and indicate it by the symbol 
Ra. "We may call it "coil distance," and use V. D, as a symbol. 
Thus, in the apparatus used by the writer the total coil distance 
possible is 150 mm. In other words, when the outer or second- 
ary coil is drawn completely out so as to uncover the primary 
coil tlironghout its whole extent tlie distance between tlie begin- 
ning of the primary and of the secondary coils is 150 mm. This 
point of total separation is the zero point of the secondary cur- 
rent. In order to strengthen the secondary current the outer 
spiral is shoved over tlie inner coil, and as the distance is dimin- 
ished the strength of current is increased. "W'licn the primary 
current of the induction coil is employed the weakest current is 
obtained with the C. D. at zero; in other words, when the outer 
coil completely covers the inner one. Wiien the secondary cur- 
rent is employed this condition of things is reversed, and when 
the coils completely cover each other, wlien the C, D. is 0, the 
current is at its greatest strength. 
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The following tabular presentation will perhaps make this 
a little clearer : — 

PRIMARY CURRENT. SECONDARY CURRENT. 



C. D. mm. = weakest current. 
C. D. 150 mm. = strongest current. 



C. D. ram. = strongest current. 
C. D. 150 mm. = weakest current. 



On the instrument used by the writer there is a double 
scale, which is read so as to indicate the weakest current by 
mm. and the strongest 150 mm. for each current. This sim- 
plifies the recording of results, but to make the record absolutely 
exact the number of millimetres coil distance should have a 
letter or symbol appended indicating whether the current is pri- 
mary or secondary. Thus, if contraction were produced by a 
current of 25 mm. coil distance of the secondary current it 
might be written 25 mm. C. D. s. If, on the other hand, the 
current was the primary one and the coil distance 30 mm., we 
should write 30 mm. C. D. p. 

The practical difference in the effects of the induction 
machine deseiTes the most careful attention of the physician who 
busies himself at all with electricity. Careless handling of the 
electrodes when the C. D. indicates the maximum strength of 
current may give a shock that is not only painful but under 
some conditions dangerous. 

The strength of the induced current depends upon the 
battery, the number and size of the spirals in the coil, the size 
and resistance of the wire, the insulation, the length and thick- 
ness of the coil, and certain other conditions more fully pointed 
out in the first part of this work. (See page 87.) 

It will be evident, on careful consideration of the conditions 
governing the construction and operating of the induction coil, 
that it is extremely difficult to construct two instruments of 
identical qualities as regards strength of current, etc. Hence 
differences, slight or great, are always to be assumed between 
any two induction apparatuses. For this reason the results ob- 
tained from one instrument are not exactly comparable with 
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another. The record of the C. D. in testing the reaction in any 
case is simply for the purpose of comparing the results obtained 
with subsequent tests in the same case and on the same nerve 
or muscle. 

Even if the instruments were standardized so as to admit 
of comparison of observations, the varj^ing resistance of the skin 
and other tissues of different individuals, and of the same indi- 
vidual at different times, would be an effective bar to the exact 
comparison of results unless the resistance of the skin in each 
case were likewise determined and noted, with the size, position, 
and degree of moisture of the .electrodes used. 

The desirability, however, of having some sort of standard 
induction apparatus with which others could be compared has 
led the Electrical Congress of Paris, of 1881, to suggest a nor- 
mal or standard apparatus of the following dimensions. The 
galvanic generator is a single Daniell's cell. The various parts 
of the apparatus are as follows : — 

Length of spool (excluding wooden 

frame), 
Diameter of spool, . 
Diameter of wire, 
Number of turns of wire, 
Layers of wire, . 
Resistance, primary coil, about 1.5 Siemens' units ; secondary 

coil, about 300 Siemens' units. 

■ 

When this standard machine is used the same C. D. should 
give approximately the same results, other conditions being 
equal. 

Stintzing has endeavored to determine the average faradic 
irritability for different nerves, in order to furnish a standard of 
what may be called a "normal reaction" for comparison. By 
using the same coil and battery and his " unit electrode " of three 
square centimetres contact surface he constructed the following 
table of average values in coil distance : — 



rimary Coil. 


Secondary Coil. 


88 mm. 


65 mm. 


36 " 


68 " 


1 " 


0.25 " 


300 


5000 


4 


28 • 
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ISIathematically expressed, he finds the density of current 
(D) equal to the coil distance in millimetres divided by the 
electrode of three square centimetres contact surface, or, accord- 
ing to the equation, 

X mm. CD. ^ 

3^ cm. 

The following table of the average faradic irritability is 
from Stintzing. The notation is on the German scale, using the 
secondary current. The second column of figures gives the 
values translated into readings on the double scale, as found on 
some American-made coils (0 mm. C. D. = current), the 
maximum length of the scale being 150 mm. 



Nbrye. 



Spinfil accessory . . . 
Musculo-cutaneous . . . 
Mental branch of facial . 
Ulnar (above olecranon) ! 
Frontal branch of facial . 
Zvscoraatic branch of facial 

Median 

Facial (main trunk) . . 
Ulnar (at olecranon) . . 

Peroneal 

Crural 

Tibial 

Radial 



CD. 


C. D. 8. 


(Stinteing.)* 


(American Scale.)! 


137.6 


12.5 


136. 


16. 


132.5 


17.6 


130. 


20. 


128.6 


22.5 


125. 


26. 


122.6 


27.6 


121. 


29. 


118.6 


81.6 


115. 


35. 


111.5 


38.6 


107.5 


42.5 


106. 


45. 



It must be remembered that the results obtained from two 
different instruments cannot be compared with each other, but 
every one can determine on one or more cases the divergence of 
his own instrument from the above table of normal averages, 
and use the same as a factor for correcting his observations. 

In like manner to the above, Stintzing has determined the 
galvanic irritability of certain nerves to be used as standards for 
comparison. The current strength is indicated in milUamperes. 

* mm. C. D. = maximum cnrrent. 150 mm. C. D. = current, 
t mm. C. D. = current. 160 mm. C. D. « maximum cttrrent. 
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The formula for computing these results is similar to the 
one employed in determining the faradic irritability, using the 
number of milliamperes as a numerator in the equation : — 



X ma. 

3^ cm. 



D. 



It will be noticed that the different nerves react differently 



to the galvanic and faradic currents. 





Max. and Min. Galvanic 


Max. 


Difference on 


Nerve. 


Irritability in Milliam- 


the 


Two Hides of 


• 


peres. 


the 


Body. 


Miisculo-cutaneous 


0.04 to 0.28 




0.19 


Spinal accessor}^ 


0.10 to 0.44 




0.15 


Ulnar (above olecranon) . . . 


0.2 to 0.9 




0.6 


Median 


0.3 to 1.5 

0.5 to 1.4 




0.6 


3fental branch of facial . . . 




Cruml 


0.4 to 1.7 


« 


0.6 


Peroneal 


0.2 to 2.0 




0.5 


Zj'gomatic branch of facial . . 


0.8 to 2.0 






Frontal branch of facial . • . 


0.9 to 2.0 




0.7 


Tibial 


0.4 to 2.5 
0.6 to 2.6 




1.1 


Ulnar (at olecranon) .... 


0.7 


Facial (main trunk) .... 


1.0 to 2.5 




1.3 


Radial 


0.9 to 2.7 




1.1 



Lewandowski also gives a brief table, showing the current 
Inquired for producing all the phenomena of the complete law 
of contraction, noting the current in milliamperes. The testing 
electrode was the "normal electrode*' of Erb (10^ cm.): — 





Ulnar Nenre. 


Radial Nerre. 


Medixui Nerve. 


Ca. CI. C 


1.0 


1.8 


0.8 


An. 0. C 


2.5 


3.7 


1.0 


An. CL C 


1.3 


3.5 


0.9 


Ca. Te 


4.3 


7.8 


4.0 


Ca. 0. C 


4.9 


9.0 


6.0 



The density of the cun*ent is proportional to its strength 
and inversely proportional to the area of the electrode at the 
point of appUcation to the surface of the body. It must not be 



u 
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forgotten, however, that we cannot by any means at present at 
our command determine the density of the current at its point 
of entry into the nerve ; hence, while measurements of current 
strength, as in the preceding tables, are of a certain value as 
guides in practice, they teach us nothing of tlie current density 
required to stimulate the nerve itself to contraction. 

The beginner in electro-diagnosis should not operate too 
long on the same nerve at a sitting, because the reduction of 
resistance resulting from prolonged pissagc of the galvanic 
current apparently increases the irritability of the nerves, and is 
hence liable to lead to incorrect conclusions. The motor points 
sliould first be found and determined Avith the faradic current 
and marked on the skin with an indelible pencil, in order to 
render renewed search for them unnecessary. The patient 
should always be examined in the same i>osition, which should 
be the horizontal in most cases. 

In addition to the clinical historv of the case, the electrical 
irritability in cases where this is determined should be entered 
in a special record. The form devised by von Ziemssen, and in 
use in the hospital in Munich, seems to be practically arranged. 
Each page of the record is divided into six spaces, each of which 
can be appropriated for a nerve or muscle tested. At the right 
hand at tlie top of the sheet is a space for the name, and at the 
left a space for the diagnosis. Above the upi>er line the form 
is divided into three divisions, the centre one behig for the name 
of the nerve or muscle Jlnd the size of the testing electrode, 
while the side divisions are marked " right " and " left " resj^ect- 
ively. The body of' the form is divided into six columns, the 
first being for the date, the second and sixth being for remarks 
descriptive of the nature of the contraction produced by the 
galvanic current, sensibility, mechanical initability, etc. The 
upper division of the third and fiftli columns gives the coil dis- 
tance at which faradic irritability is manifested, while the lower 
division of the same columns shows tlie number of milliamperes 
of current required to produce the galvanic contraction formula. 
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Electkij-Diaosostic Retord. 
— __ ViAoin>iim ... 









N^e.) 
















Date. 


RniAitKa. '.. 


. mm. C. 11. 


Faradic 

ImiUTABU.tTV. 


....mu.C.D. 


Ukkabeb. 




(Enter hem ' . 


....Ma. 1 Cn. CI. C. 

An. CI. C. 

" 1 An. 0. C. 

" 1 Cn. Te. 

Ctt. O. C. 


Ma. 


(fintei liere i.it 

"sSK 

willy. 010.) 


1 



Various forms of charts are also used hy eI(?ctro-thcra|iPii- 
tists to record graphically thr rcaf^tiniis of iipr^Ts and muscles. 
The following are from Erb's classical work on " Elcctro- 
Theiapeiitics." The retcreiices at the side of tlie chart show 
with sufficient dcfiuitl.■nc^« ihc iiKiming of the difl'cruiil cuivcs. 



BB3Bl^B^B^B^B^BiBBHlPilllB^S 




Pia. ISi.— Case.1 of Paba 




196 



I'KACTICAL ELECTRICITY IN MEDiriNE A.VD SlIHGEBr. 



The qiialitativp differences of galvjinic reaction (R. D.) can 
also be shown by mcanR nf eliarts, scvenil ol" wJiicli aie shown 
in Fi^. 165. The first tmciiif; sliows the relations between ttie 
C'a. C!. C. (/lit) and the An. Ci. C. {An) in the Iicaltliy nerve; 
ihe second sliuws tlie degeneration of the iicvve and revei-ssil of 
the law of contraction. An. 01. C (-1") being mucli sti'ongcr 
tlmn i'a, CI. C. (A'"). "Iiicli is almost inappvcciiihle. Tlie thii-d 
tnifiu!,' shriwi the etfert of a stroniicr curveut in llie suiric catic. 



Tlie alterations of electrical imtability of nerve and muscle 
produced by disease mfly be classed under three heads, viz: — 

1. Qnantltatioe, or an increase, diminution, or total disa[>- 
pearancc of electri(.-al irritability to one or both currents. 

3. Qualitative, consisting in a inodificatiou in kind of the 
normal reactions of nerve and muscle to electric currents. This | 
is the so-called "reaction of degeneration." 

3. Mijceil, or combinations of quantitative and qualitative i 
variations of irritabQity. This class may also be included under 
the consideration of reaction of degeneration. 

These three classes of modified electrical irritability will 
now be discussed more in detail. 
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I. QUANTITATIVE CHANGES IN ELECTRICAL IRRITABILITY. 

Increased Electrical Irritability. — Increase of famdic irri- 
tability is present in tabes dorsalis and tetany. The contraction 
follows the passage of a much weaker current than is required 
to produce contraction normally. Stintzing's standards of 
faradic irritability may be used for comparison. 

Galvanic irritability is increased ill the following diseases : 
Fresh hemiplegias with phenomena of motor irritation, spasms, 
contmctures, Ix^giuning acute and subacute myelitis, hemichorea, 
tetany, various stages of tabes dorsalis, progressive muscular 
atrophy (considerable increase in non-atrophic and perfectly- 
functioning motor areas), peripheral paralysis, early stage of 
rheumatic and facial pamlysis, and beginning neuritis. 

Diminished Electrical Irritability. — This is Acry Irequently 
present in the most varied affections of the motor apparatus. The 
faradic initability may vary greatly at different portions of the 
same nerve. No satisfactory explanation can yet be given of this 
phenomenon. Thus, Erb found in one case the difference of 
C. D. to rise from the normal difference of 10 to 20 mm. to 42 
to 55 mm. In another case ^he difference was even greater. 

Faradic and galvanic irritability are usually diminislied in the 
same proportion, although in some cases the faradic increase is 
combined with galvanic decrease, and vice vered. Diseases in 
which the electrical initability is diminished are: progressive my- 
elitis, advanced talxjs dorsalis, spastic spinal paralysis, multiple 
sclerosis, brain tumors, advanced cerebral hemiplegia (on the 
paralyzed side), progressive bulbar paralysis, in melancholia and 
paralytic dementia, progressive muscular atrophy, true and 
pseudo-hypertrophy of muscles, acute and chronic poliomyeli- 
tis, multiple neuritis, amyotrophic lateral sclerosis, writers' 
cramp, muscular atrophies from inaction of muscles, toxic paral- 
yses (arsenical, alcoholic, carbonic oxide, chloroform poisoning, 
etc.), and in the paralyses following infectious diseases. 

Some authors describe a form of decreased electrical irrita- 
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bility wliich has been appropriately named, " reaction of ex- 
haustion." When present it is found that a reaction, produced 
by a certain strength of current, cannot be reproduced without 
increasing the current. The discharge of nerve-force responding 
to a certfiin definite irritation fails on reix^tition of the irritation 
of the same intensity. The nerve or muscle seems to have been .. 
exliaustcd by tlie first contmction, and only by incrcasing the 
strength of the current can a second contra(;tion be produced. 
This phenomenon has been observed in cerebral paralysis, pro- 
gressive muscular atrophy, paralysis agitans, anterior polio- 
myelitis, brain tumors, etc. 

II. QUALITATIVE CHANGES IN ELECTRICAL IRRITABILITY. 

Reaction of Degeneration (R. D.), — Under this designa- 
tion, first introduced by Erb, is understood a modification of 
electrical irriUibility which is characteristic of certain morbid 
conditions of nerve and muscle, and which, when present, is 
pathognomonic of certain diseases, and hence \)ecomes an im- 
portant diagnostic sign. 

The phenomena of the reaction of degeneration are com- 
prised in the following modifications of irritability : — 

a. Disappearance or diminution of the nervous irritability 
to both galvanic and faradic currents. 

h. Disappearance of faradic and increase of galvanic irrita- 
bility of the muscle, genemlly associated with increased mechan- 
ical irritabilitv. 

c. Tardy, delayed contraction of the stimulated muscle, 
instead of the quick, lightning-like contraction of the normal 
muscle. 

d. Appearance of certain decided modifications of the 
normal formula of contraction. 

The essential feature of the reaction of degeneration seems 
to be the tiirdy contraction of the muscle in place of the quick, 
lightning-like contraction (or jerk*) of the normal muscle. This 
is due to the fact, as pointed out by von Ziemssen, that in the 
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degenerative changes in nerve and muscle following peripheml 
panilysis no reaction occni-s to momentary stimuli, but when the 
stimnlatiou is prolonj^cd contraction slowly foUowa. 

The indiviiJmil pljciiomena making np the reaction of de- 
generation are best studied in eevero tmumatic or riieumatic 
paralyses. Supposing tlif c&sc to be one ol" ordinary facial 
IKimlysis, — uenritic, rheunmtic, or licU's paralysis (Fig. 166), — 
the fleetrifal reactions would be someulial as IbllowB : — 

1. In tile beginning of the jiamlysLi there is sometimes a 
slight increase of the nert>oiiJt irritability, the response to Itoth 
currents being more prompt on tlie paralyzed than on the 
healthy side, but alter ihi- sci und or tldid day both the faradic 




i galvanic irritability of the affected nerre and its branches 
decrease, so that on each succeeding day stronger currents are 
required to prodnee contractions, IV'tween the eighth and 
tivelfth days the electrical in'itabllity of tlie nerve to both 
currents disappears entirely. 

2. About the same time the paralyzed mvticJe» gradually 
Ios(' thvir/iirniVtc irritability, but the gufrtmlc irritability rapidly 
increases, so that veiy slight currents are required to produce 
contractions. For examiile, if the muscles in the aix'a of distri- 
bution of the facial nerve on the unaffected side require a cur- 
rent of 4 milliampores to produce the mhnmum contraction, n 
ruiTent of onlv O.-l niilliamperes is necessary to produce con- 
traction on the paralyzed side. Cases even occiu' where contrao- 
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tions can be produced in the paralyzed muscles while testing 
the muscles on the healthy side. 

This condition of hyper-imtability of the muscle to the 
galvanic current usually lasts several weeks and then gradually 
subsides, until, finally, the muscle also fails to react to the 
stimulation of either current. 

3. Coincidently with the increase of gahnnic irritability 
there ap]X?ars a change in the mode of contraction which is 
extremely characteristic. The normal reaction to the current 
is, as is well known, a shari>, flash-Uke jerk, the muscle immedi- 
ately becoming relaxed until the cun-ent is broken, when an 
equally sharp ^' ojx^ning contraction '* occurs. In the reaction 
of degeneration, this quick, jerky contraction is changed into a 
sluggish, tardy, drawing-up of the muscle^substance. This is 
the essential and jxitliognomonic feature of the reaction of 
degeneration. When abscnit, tliere is no reaction of degenera- 
tion, no matter what otiier modification of the normal law of 
contraction may be prcsent. 

Daring the stage of galvanic hyper-imtability there is also 
an increase of the mechanical irritability of tlie muscle. 

4. The change in the normal formula of contraction, which 
usually, tliough not always, appears in conjunction with tlio 
stage of hy}>er-irritability, is very remarkable. The anodal 
closing contraction, which is only produced in the normal con- 
dition by a current considerably stronger than that to which the 
muscle responds when the cathode is used, res}X)nds gradually 
to a weaker and weaker current, until, finally, it is excited by 
a current little if any stronger, or sometimes even weaker, than 
that producing the cathodal closing contraction. The anodal 
opening contraction and cathodal opening contraction also 
approach nearer to the cathodal closing contraction than in the 
normal condition. 

In the typical form of R. D., therefore, the normal formula 
of contraction (see p. 149), viz., Ca. CI. C; An. O. C. ; An. CI. 
C; Ca. Te.; Ca. O. C, is changed as follows: An. Q. C; Ca. 
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CI. C: An. O. C; Ca. O. C, or some modificatiou of this 
formula. (See Fig. 165.) 

.Vrter four to six weeks the galTanir hj^MT-irri lability irrad- 
iially diminishes until eveotiially the reaction to the strongest 
enrn'nt is almost or quite lost. The An. CI. C. is the last to 
di->ai>i)car. If the injured or diseased nerve is regenerated, 
voluntarj- jwner, the normal formuhi of rontmrtion as well as 
t!ie flash-like ehatacter of the eontraction are gradually re- 
established. On the otlier hand, wlien the dt^neration of the 
nerve is complete, the contractility of the muscles is never 




restored, and years after electrical stimulation is limited in its 
effects to one side, as shown in Fig. 167. 

When regeneration of the nerve occurs the trophic activity 
is first miinifested in the improved nutrition of the muscles ; then 
follows a return of voluntary po\%-er, and finally restoration of 
tlie electrical irritability. 

The muscular irritability to both currents returns graduallv, 
the slow, tardy contractions giving place to the Ailgumnt ones 
and the normal formula of contraction being re-established. 

The above-described modifications of the normal electrical 
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irritability of the paralyzed nerve and muscle are due to certain 
changes in these structures, which have been experimentally 
studied by Erb, Neumann, Leegaard, Sigmund Mayer, and 
Gessler. The histological changes found in the nerves consist 
of a granular, lumpy degenemtion of the medullary sheath 
beginning within a few days of the lesion to the nerve. This is 
followed by softening of the axis cylinder, which is substituted 
by protoplasmic masses. This is accompanied by nuclear pro- 
lifemtion of the sheath of Schwann and cellular accumulation 
in the neurilemma, from which young connective tissue is 
developed. The entire nerve is permeated with this newly- 
formed connective tissue. Aft;er a time, in case regeneration is 
possible, the normal condition of the nerve is gmdually restored, 
the regeneration beginning at the periphery and not at the 
central point of the lesion. The newly-formed connective tissue 
is, however, not entirely absorbed, but remains to a greater or 
less dcOTce as an evidence of the nutritive disturbance which 
has taken place in the nerve. 

Tlie changes in the muscle consist of simple atrophy of the 
primitive fasciculi of the musciUar fibres, with occasional areas 
of fiitty degeneration, excessive nuclear prolifemtion, cell 
accumulation in the interstitial connective tissue, and hyper- 
plasia of the latter. Tliis condition may become jx^rmanent, 
and the muscle then appears as a thin band of connective tissue 
with muscular fibres disseminated tluough its substance. 

When restoration of function occurs the new-formed con- 
nective tissue is re-absorbed, but the normal state of the muscle 
is never entirely restored. 

The motor end-plates in the muscle are the last structures 
to yield to the degenerative processes and the first to be restored 
in structure and function. 

The histological changes in the \)aralyzed nerve and muscle 
explain the phenomena of the reaction of degeneration. The 
solution of continuity at the point where the lesion of the nerve 
is situated abolishes tlie power of transmission of voluntary 
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impulses, as well as of proximal electrical stimulation of the 
nerve. 

The diminution of electrical irritability bejond the lesion 
in the nerve* is due to the progressive degenemtion of the nerve- 
stnicture. The disapix?amnce of the faradic imtability in the 
muscle, as well as the sluggish contmction of the latter under 
the galvanic current, is due to degeneration of the muscle-sub- 
stance itself, for the phenomena of the R. 1). are present in the 
muscle at a time when the nerve-terminations have not yet 
undergone degeneration. 

The researches of Gessler upon nerve degeneration in cold- 
blooded animals appear to show that the true K. D., viz., tardy 
contractions upon galvanic stimulation with no response upon 
faracHc stimulation, is entirely due to muscular degeneration. 
\Vhile in these animals complete nerve degeneration occurred, 
muscular degcnieration as w ell as the phenomenon of reaction of 
degeneration remained absent. 

The final disiippearance of galvano-muscular imtability is 
an evidence of the hicreased atrophy of the muscular fibre and 
the excessive interstitial connective-tissue hy|X}rplasia. 

The electrical irritabilitv of the nerve and muscle does not 
return coincidently with the power of conveying motor impulses. 
The former function requires a more advanced stage of nerve 
regeneration than the latter. This discrepancy between the 
duration of voluntary and electrical suspension of irritability of 
nerve and muscle is explained by the assumption that the 
trafhwufimon of an impression from the nerve-centre — in other 
w^ords, tlie romJffcfirtfi/ of the nerve — requires a less perfc*ct 
organ than the origination of an impression at the periphery. 

III. MIXED OR COMBINED QUANTITATIVE AND QUALITATm: MODIFI- 
CATIONS OF ELECTRICAL IRRITABILITY. 

Atypical Forms of Reaction of Degeneration (Partial R. D. 
of Erb). — In these cases there may be complete abolition of 
the power to concluct motor impulses, but the intensity of the 
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galvanic and faradic irritability remains normal, or is slightly 
diminished. The famdo-muscular excitability remains, but the 
characteristic sluggish contraction with hyper-irritability is mani- 
fested upon testing for the galvano-mnscular reaction. 

The farado-muscular irritability may be diminished, or the 
contraction may be tardy, or exhibit a staccato movement (fara- 
dic R. D., Erb). Stintzing produced this forai of reaction of 
degeneration in the rabbit after moderate nerve-stretching. Von 
Ziemssen and Stintzing have also observed it in a case of rheu- 
matic facial paralysis. 

In rare instances the neuro-faradic irritability may be lost, 
while the neuro-galvanic irritability is maintained intact. Adam- 
kiewicz has observed the direct contrary effect. 

Partial reaction of degeneration has also lx*en observed in 
cases of central lesion in which the electrical neuro-irritability 
had been maintained, and indeed in cases in which there was 
no muscular paralysis present. Von Ziemssen has observed this 
reaction in a case of lead-paresis, in which there was diminution 
but not entire loss of voluntary muscular power. 

Stintzing has recently publislied an interesting contribution 
upon the reaction of degeneration, in wliicli he has classified 
the forms of R. D. in four groups, as follow: 1. R. D., with 
total loss of neiu'o-irritability. 2. R. D., with partial loss of 
neuro-irritability. 3. R. D., with sluggish fiimdic initability 
of the nerve. 4. R. D., with prompt neuro-irritabiUty to both 
currents. 

Diagnostic and Prognostic Significance of Reaction of Z?e- 
generation. — The phenomena of reaction of degenemtion 
characterize all varieties and degrees of peripheml pamlysis of 
motion, no matter whether they are traumatic, rheumatic, neu- 
ritic, or dii)htheritic in origin. In cases of this character R. D. 
is such an essential part of tlie clinical history of the affection 
that, when contrasted with its absence in central or purely 
myopathic lesions, it was formerly believed to furnisli an abso- 
lutely diagnostic sign. But more recently, as pointed out above. 
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certain diseases of the spinal cord, especially such as arc de- 
pendent upon lesions in the anterior gray columns of the cord 
and the nuclear region of the medulla, were also -found to be 
attended by the phenomena of reaction of degeneration/ Among 
the diseases of the spinal cord in which R. 1). is found are 
infantile spinal i3timh>is (anterior poliomyelitis), lead-paralysis, 
and primary progres?>ive muscular atrophy. It is also present 
exceptionally in amyotrophic lateral sclerosis, progressive bulbar 
paralysis, spinal Inemonhage and tumors, secondary amyo- 
trophies, and diphtheritic paralyses of the tnmk and extremities. 

Reaction of degeneration is absent in all cerebral, hysterical, 
myelitic, and purely myopathic paralyses. In cases where the 
R. D. is limited to a definite peripheral n euro-muscular area, 
the probabilities are in favor of the diagnosis of a peripheral 
lesion. When the phenomena of R. D. are observed over a 
larger area, a central (spinal) origin of the paralysis is rendered 
probable. 

The prognostic significance of R. D. is often of assistance 
to the physician. Where the phenomena exhibited are of- slight 
degree, the prognosis is, on the whole, favorable, but when 
faradic irritability is entirely lost, the galvanic irritability 
greatly increased, and the contractions very sluggish with the 
typical reversal of tlie normal formula of contraction, or where 
all electrical imtability is lost,— =-in these cases a favorable prog- 
nosis cannot be safely hazarded until the reappearance of the 
normal formula of contraction. 

Diagnosis of Disturbances of Common Sensation. — Erb de- 
vised an electrode for testing the sensibility of the skin. This 
electrode consists of about four hundred fine, insulated wires 
fastened compactly in a handle. The ends of the wires are then 
ground off evenly, thus presenting a smooth surface with a 
number of contact points corresponding to the number of wires. 
An ingenious modification of this electrode is shown in Fig. 168. 
The surface of the disk, two centimetres in diameter, is sub- 
divided by a saw into a large number of fields (250-300) and 
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the clefts made by the saw filled out with some non-conductmg 
material. To test the sensation, this electrode attached to the 
secondary coil of the induction machine is applied to the sur- 
face to be tested, and the other electrode to an indifferent point, 
e,g,^ the sternum. The coils are then shoved over each other 
until the sensation of the current is just |)eix;eptible. Tliis is 
marked as "x mm. C. D.," and then the coil is further 
advanced until the first sensation of pain is experienced, and 
the C. 1). again recorded. The first record shows the minimum 
sensation reaction, while the second shows the minimum painful 
reaction. The corresponding reaction on the opposite side of 
the body is then ascertained and the results compared with 
each other. 

Diminution of sensory irritability is present in most serious 
lesions of the spinal cord and peripheral nerves, and in many 
cerebral affections. 



FlO. IfiS.— ElBCTRODB for TkSTIWO ELECTRO-CUTA3TEOU8 SENSIBILrTY. 

Von Ziemssen has attempted to measure the time of sensory 
impressions (the diminution of pain conduction) by means of the 
discharge of a Lc^yden jar. No practical results of importance 
have, however, as yet been obtailied. 

Bernhardt has tested the reaction of cutaneous sensibility 
and finds that it varies in different areas or "zones" of the 
bodv. He divides the surface of the bodv hito nine zones, as 
follows: — 

1 . Tongue zone (tip of tongue, palate, tip of nose). 

2. Face zone (eyelids, gums, red surface of lips, cheek), 

3. Foreliead zone (forehead, cutaneous surface of lips). 

4. Shoulder zone (shoulder). 

5. Trunk zone (sternum, nape of neck, spine, arm, forearm, 
buttock, occiput, front of neck). 

6. Thigh zone (sacrum, thigh, dorsum of foot). 
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7. Hand zone (back of hand, leg, ball of fingers). 

8. Patellar zone (patella). 

9. Digital zone (tip of toes, palm of hand, sole of foot). 
The average minimum C. D. of sensation and of pain for 

these various regions is given in the following table: — 



Zones. 


Gen. Electro-sensi. 
biUtyof theHkin. 
Av. MIn. C. D. 


Painful Electro-sensi- 
billty of the Skin. 
Av. Min. C. D. 


1. 


Tongue zone 


166. mm. 




136.7 


mm. 


2. 


Face " 


160.5 " 




130.5 




3. 


Forehead " 


144.5 " 




128. 




4. 


Shoulder " 


137. " 




112.5 




6. 


Trunk " 


128. " 




110.8 




6. 


Thigh " 


122.1 " 




99.1 




7. 


Hand " ....... 


116. " 




92.8 




8. 


Patellar " 


111. " 




88. 




9. 


Digital " 


114.5 " 




67.8 





Reactions of E/ectro-muscu/ar Sensibility. — Duchenne first 
called attention to a peculiar sensation in the muscle when 
a cuiTent of electricity is acting upon or through it. This 
sensiition is not dependent upon the sensibility of the skin, but 
is quite different from and independent of it. This '* electro- 
muscular sensibility " may be present even in cases of cutaneous 
anaesthesia, or wliere the muscles are exposed in consequence 
of detachment of the skin from accident. The pathological 
significance of this electro-muscular sensibility has not received 
much attention. Some clinical observations of Dr. S. Weir 
Mitchell are, however, interesting in this connection. lie found 
that when the cut ends of the nerves in an amputation stump 
are irritated by an electric cuiTcnt the patient can describe the 
sensations of movement of certain muscles in tlie amputated 
extremitv. "If we faradize the track of the nerves in or above 
tlie stump," says Dr. Mitchell,* "we may cause the lost fingers 
and thumb to seem to be flexed or extended, and, what is most 
remarkable, parts of which the man is conscious, but which he 

• Injuries of Nerves, p. 360. 



208 PRACTICAL ELECTRICITY IN MEDICINE AND SURGERY. 

has not tried to stir for years, may thus be made to appear to 
move to his utter amazement. In one case I thus acted on the 
nerves so as to cause a thumb, which for years was constantly 
and violently bent in on the palm, to straighten out completely. 
On breaking the circuit, without warning, the patient exclaimed 
that his thumb was cutting the palm again, and the same result 
was obtained by shifting the conductors so as to put the nerves 
out of the circuit. 

"In a case of amputation at the shoulder-joint, in which 
all consciousness of the hmb had long since vanished, I suddenly 
faracHzed the brachial plexus, when the patient said at once : 
' My hand is there again. It is all bent up and hurts me.' 
These impressions are correctly referred by the patient, so that 
faradization of the musculo-spiral or the ulnar gives sensation 
of movement in the reUitod parts. It is, of course, impossible 
that the motor nerves stimulated should convey any impression 
centrally, and we must therefore conclude that imtation of 
sensory trunks may occasion impressions of muscular motion in 
the sensorium." 

Electro-muscular anaesthejrfa is found in cases of hysteria 
and tabes dorsahs. It is often combined with cutaneous anaes- 
thesia and analgesia, although either may be present without 
the other. 

Electrical Reaction of the Organs of Special Sense. 

Eye. — In testing the reaction of the optic nerve for purposes 
of diagnosis the same procedure is followed as in testing the 
normal reaction (page 155). Weak currents must be employed, 
increasing the same very gradually by means of a rheostat. 
The ordinary resistance coils generally furnished with the medical 
apparatus do not answer for this purpose. One of the more 
recent devices, by means of which the current can be increased 
or diminished by almost imperceptible gmdations, must be used. 
(See Figs. 196 and 197.) 
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Nq very trustworthy results have yet been obtained in the 
use of the electric current for diagnostic purposes in pathological 
conditions of the \isual organs. Only a modification in the 
intensity of the normal reaction to the electrical stimulus has 
been observed. 

Ear. — The diagnosis of ear diseases by electricity has been 
pretty thoroughly worked out by some observers. It is found 
that in some affections the normal formula of Brenner is pre- 
served with quantitative changes, i.e., the intensity of the sensa- 
tion is either increased or diminished. In other cases (especially 
diseases of tlie labyrinth) there is complete reversal of the 
normal formula, as in R. 1). The practical application of these 
results is as yet insignificant. The same may be said of the 
diagnostic value of electricity in disorders of the ollactory and 
gustatory nerves. 

The Electric Light as an Aid in Diagnosis. 

That "seeing is believing" is an axiom especially dear to 
the medical and surgical practitioner. For the purpose of 
making an exact diagnosis, direct vision in a good light is 
regarded as highly important. For this reason particularly, 
attempts have been made for many years to render certain 
internal organs accessible to direct ocular inspection. It is, how- 
ever, only within the last ten years that the practical ingenuity 
of nieclianicians has furnished a set of instruments which can 
readily be used for diagnostic purposes, and in wdiich the electric 
light is made practically available. 

In the first part of this work, the physical principles 
governing the production of the electric light have been treated 
at sufficient length. It remains here merely to give an account 
of tlie various instruments used for the purpose, and the results 
thus far attained. 

Among the medical and surgical instruments having the 
electric light as a basis, those most commonly used are the 

14 
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stomatoscopc, laryngoscoiie, otoscope, iirotliroscopc, cystoscope, 
and gastrosco]:)e. The most perfect forms of these instruments 
available at the present day are those constructed by Josef 
Leiter, the well-known surgical-instrument maker, of Vienna, 
although some practical modifications have recently been intro- 
duced by other manufacturers. 

As the production of a sufficiently intense light to render 
an instrument available for the explomtion of any internal cavity 
or organ is necessarily accompanied by the development of a 
degree of heat. which may render the use of the instrument 
impracticable if not coiuiteractcd, the instruments of liCiter are 
surrounded by a current of water which is kept constantly circu- 
lating and which carries off the excess of heat. In Figs. 
169 and 170 the general construction of liciter's apparatus is 
shown. The description is taken from an article by Dr. Roswell 
Park, of Buffalo: — 

" 5 is a hard-wood box containing three large Bunsen cells 
with double zinc plates exposing a large surface. They are so 
arranged in a hard-rubber cell, with large bottles of battery 
fluids on either side, that by means of a rubber bulb and glass 
tube they can be filled or emptied by simply siphoning the fluids 
in and out. Simple directions enable the operator to connect 
one, two or three elements as desired. For ordinary endoscopic 
purposes, two, or even one, suffice; for galvano-cauteiy all three 
are needed.* Wires from 1 and 2 on the batterv box run to 
1 and 2 at R^ wliich is the rheostat. With the pointer at O, 
the position it occupies in the cut, there is no current; as it is 
turned around on the index scale the resistance is diminished, 
until with the pointer way round the circle all resistance is out 
of tlie circuit. At 3 and 4 are the wires which nin to the instru- 
ment in use, as, for instance, the laryngoscoi^e at L. By a 
simple spring-clamp they are put on or removed in an instant. 

" aS' is a metallic tubular reser.voir about one metre in height, 
also shown in cross-section. This is filled with four litres of 

* A storage battery would be more efficient and convenient. 
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cool water, A heavy leadcii weight or plunger (ten kilos), hg, 
is swung from tlie under surface of the cover by pulleys, ro ; 
the coi-d attached to the little handle, i/r, serves to Iioist it ; lio 
is a rlosely-fitting piston having a valve, re. wliieh allows the 
weight to he raised, hut causes it to rest on the surface of the 
water, whieh, hy its weight, is driven up through «■', its flow 
being checked or regulated hy the stop-eock./, at its upiwr end. 




Fid. inU.— COKBIHBP UUTTBIIV 



^Vater Ix-ing thusraused to flow, passes around tlie rheostat and 
tlirough the tube, /i, by fle.\ibltvrubl)er tubes into the iustniment, 
around the heated wire, bark through the tube h at m, where it 
drops back into tlie reservoir at /r, and can be used over and 
over again. With projHir adjustment the weight need not be 
raised oflcncr than once m twenty minutes, but ttie water must 
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be kept steadily flowing, or tliere is danger to the instruments. 
At jw is a metal loop in which the tubes and wires may rest so 
that thi?ir weight is hai-dly noticed. At 1 1 are liaudlea by which 
the whole instrument can be moved, about as deaii-ed."' 




Fig. 170,— Thk V 



The urethroscope is shown in detail in Fig. 170, and in 
position in Fig. 171. Tho outer tube or cannula, m, is about 
tlie sizi; of a catheter No. 31 F. Into this is pushed tlic rect- 
angular tube, h h, containiiifj the ilhiniinatiiig mid coolina; 
arrangement. The loop of jilatimim wire, t; is soon at the 
lower beveled end of tliis ]«irt of the np|m> 
ratus. In one of tlie water tid)cs is an 
insulated wire, the other conductor being fur- 
nished by the main body of the metal work. 
The cold water passes uito the tube at /(, and 
after flowing through the entire length of 
tlip apjiaratus. but Mithcut coming in contact 
witli t,!ie heated wire, passes out at i. The 
funnel-sbajjed extremity, Jc. is the eye-piece. 
In Fig. 171 the instrument is shown in 
THnnacnpE is po. positiou. AVitli it a surliice of one centimetre 
square can be iUnniinatcd at owe time. It 
will be readily seen how useful this appamtus may be made in 
the diagnosis of diseased conditions of the uretlual mucous 
membrane. 

• AnnaU vt Atutomy uid Sureer y, Slnrcli, 1883. 
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The cystoscope is a further developmeut of the instrument I 
just described. It is sliown complete in Fig. 172. Fig. 173 I 
shows the cystoscope in [wsition illuminating the interior of the I 
bladder. Leitcr has recently still fiu-ther imiiroved the cv.sto- j 
scope, and claims now to be able to use the electric liglil for \ 
pur^joses of interior illumination witliout the necessity of the 
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refrigerating apparatus. This is a great advance in simplicity, 
and will promote the use of these instruments by reducing their 
cost, wliich is still a great drawback. 

An otoscope of simpler construction has been devised by 
Dr. Roswell Park, wiiicli is sliown in Fig. 174. Its use is prac- ' 
ticable either in broad dayliglit or in a dark room. 




Laryngoscopes and rhinoscopcs are made upon the same 
principle. Fig. 175 shows the method of using the former. 

There are many modifications of these instruments now 
obtainable. A ver}- simple and cheap one, which may be used 
as a stomatoscope and pharyngoscope, is that shown in Fig. 176. 
The glow-lamp is affixed to the end of a tongue-depressor. 

The highest development of tlie electrical illumination of 
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internal ca^'Uies hivs been renched in the gastroscope, which is 
the result of the collaboration of Protessor Mikulicz and Mr. 
Leiter. The instruineut is shown in position in the stomach in 
Fig. 177. Its method of use is described by Dr. Park a» 
follows : — 

" As prejKinitinn for tlie use of tlie giistroscope, it is neces- 
sary that the jmtient sliall have gone for some hours without eat- 
ing. Half an hour previous to its use a iiyiwdermic dose of 
morphia — say, one-third grain — should be adrainistert^d. Just 
prior to the examination the stomach should be washed out. 
The patient is then laid upon the loll side on a table having a 




Tia. 171.— PAiiK'tt Ei.EC' 



head-support, wliich shall keep tlie neck in its axial jMsition. 
A small receptacle is placed under the mouth to catch the saliva 
which cannot be swallowed. The head is then tlirown well back, 
and the instrument, which has previously been lubricated with 
vaseline or glycerine, is guided by the finger of the Icil hand and 
passed downward with a gentle sweep. Previous practice on 
the cadaver with a hard-rubber somid oi' the same dimensions 
and flexure as the gastrosco]>e will easily teach the necessary- 
man iimlations. The histrnment Ix'inf; in place, the stomach is 
inflated to the desired extent, but not sufficient to distress the 
patient. The pointer on the rheostat being turned slowly, the 
metal blind is drawn and the observer has the field before him." 
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With reference to the vahie of these various devices, Dr. 
Park, who is entitled to speak from experience, says; "I feel justi- 
fied in sajing that, in expert hands and with an expert's eye at 
the eye-piece, the instrument may and ought to play a r6le in 
diagnosis which has never been filled before. It deserves a care- 
ful study of itself and an extended trial ; until it has had both, 
its merits should not be disregarded."* 





Pia. m.— TuE qautuubcopg 



THE TELEPHONE AS AN AID TO DIAGNOSIS. 

Dr. Boudet, of Paris, has devised a number of instruments 

in which the telephone and microphone are availed of as aids to 

diagnosis. These iustmments are the sphygmophono, spliygmo- 

phonic transmitter, and myophone. By means of the latter the 
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inventor has been enabled to make a differential diagnosis be- 
tween various paretic conditions of muscles. Hughes' sonometer 
is an electrical a])paratus to determine the degree of deafness. 
The instrument is of limited applicability. 

The induction balance and telephonic probe, invented by 
A. Graham Bell, for the purpose of detecting metallic bodies of 
various sorts — e.gr., bullets — in the deeper tissues, have been 
used several times, but with only moderate success. 

ELECTUO-THERMOMETRY. 

Dr. F. Arnheim has recentlv devised an electrical thermo- 
scope for the purpose of determining the radiation of the body- 
heat. The apparatus consists of a delicate thermopile, contain- 
ing forty pairs of iron and German-silver wires arranged in 
series, and a delicate galvanometer. The apparatus is doubtless 
valuable for physiological researches, but in its present state is 
of little use for the purposes of the clinician. 

ELECTROLYTIC ANALYSIS. 

For the purpose of detecting minute quantities of any 
metal in the secretions or tissues of the body electrolysis may be 
employed. A convenient appamtus for this purpose has lately 
been described by Professor Wolff.* 

The decomposing part of the apparatus is a glass cylindrical 
cell, A^ having a globular extension on top, an outlet tube, /, at 
one side, and an inlet or receiving tube at the other side, Zi, below ; 
the positive electrode is made of strong platinum wire in form 
of a spiral, which is resting close against the inner wall of the 
cylinder, with its lower end sealed in and reaching outside to a 
binding-screw, n, at the support; the negative electrode is also 
spiral-shaped, but made of thin iron wire, which has been 
copper- and afterward silver-plated; it is supported centrally in 
the interior of the cylinder, ^, by a cork at the neck of the 
latter, and receives the current by a small clamp on a sliding-rod 

* Notes on New Remedies, from Fischer's Zeitschrift f. Augewandte Chemie. 
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and a binding-screw, z, at its base, to connect with the zinc pole 

of the battery. 

The hquid to be analyzed, supposing it to contain mercury, 
after being weighed, then acidulatc»d with 3 to 4 per cent, of sul- 
phuric acid, is contained in a funnel-shaped reservoir, which is 
connected by a rubber pii)e with Zt, by which it enters into the 
decomposing cell, the influx of the liquid being regulated by a 
Bunsen screw-clamp, so that one drop in about five seconds 
enters at h and is discharged at /, and the electric current 
passing the elc*ctrodes in the same direction. In the same 
measure as the liquid is passing upward, the mercury is precipi- 




FlO. 178. 



FlO. 179. 



tated on the silver-plated cathode. After the liquid has passed 
through the cell, the rest left in the latter is discharged from 
it by a current of pure water, until the generation of gas 
at the electrodes has entirely ceased. The negative spiral is 
then removed from the cell, washed carefully with water, then 
with alcohol, and last with ether, and, perfectly dry, is separated 
from the wire end, and transferred to a glass tube of six milli- 
metres diameter, open at the lower end, and open and drawn out 
to a narrow tube on top ; the lower o|x?n end of this tube is 
then sealed as in Fig. 1 79, rf, the tube then carefully heated over 
a gas or alcohol flame to a red heat from the closed end, 
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wlicre the spiral is placed upward, and under continuous 
revolving, until all the mercury precipitated on the spiral has 
been volatilized, and appears as a sublimate at the narrow part 
of tlie tube. In cases where the quantity of mercury, contained 
in a liquid, and now received as a sublimate, is excessively small, 
the latter may be detected by subjecting it to well-known 
chemical tests. 

The sensibility of this method of detecting mercury is 
quite extraordinary; quantities of ^^ to ^^^ milligramme of the 
metal in one hundred cubic centimetres of liquid give by its 
correct application the most distinct reactions, and its value for 
physiological analysis is therefore an acknowledged one. 

The intensity of the current necessary for the electrolytic 
separation of the mercury is one of 100 to 150 milliamperes, equal 
to a current necessary to produce one and two-tenths to one and 
five-tenths cubic centimetres oxyhydrogen gas in one minute. 
The copix^r plating of the negative spiral is done by dipping 
the same for a few minutes in diluted sidphuric acid one to five 
parts, exposing it for one minute to the action of the negative 
pole of a copper-zinc battery in a bath of a concentrated solution 
of cupric sulphate, acidulated with sulphuric acid; the positive 
electrode being a spiral of strong copper wire. The silver 
plating is then performed in a similar manner in four to five 
minutes, with a positive spiral of platinum wire, in a silver 
solution consisting of five gi'ammes argentic nitrate, twenty-five 
grammes pobissic cyanide, in two hundred and fifty cubic centi- 
metres water, with an intensity of cuiTcnt of 100 milliamperes. 

If tlie decomposing cell A. herein described, is used for the 
electrolytic analysis of otlier metals than mercury, as, for in- 
stance, for copper, silver, etc., the negative spiral used must be 
also of platinum, and in this case the precipitated metal adher- 
ing to the spiral may for identical reaction be washed into a 
t(\st-tube, and then dissolved by adding a small quantity of 
nitric acid. 



CHAPTER III. 

Methods of Applying the Electric Current for Therapeutic 

Purposes. 

Instruments and Appliances, — Electricity is employed for 
therapeutic purposes in the form of the constant or galvanic 
current, or galvanism^ the induced or faradic current, or fara- 
difiiii^ and static or frictional electricity, or frankUnlsvK Each 
of these varieties of electricity requires different appamtus for 
its administration, with which the practitioner must be familiar 
before he ctm employ this agent rationally. 

Appliances for Using the Constant Current — Batteries. — 
The constniction and action of galvanic batteries have been 
described in detail in the first part of this work, to which the 
reader is referred. In this cha])ter it remains to mention the 
arrangements for various medical and surgical purposes. 

Medical batteries are simply modifications or combinations 
of the different elements or cells, of which illustrations are 
given in Chapter III, Part L The principles and laws governing 
the an-angement of elements for the development of certain 
physical phenomena are likewise applicable in the construction 
of batteries for medical and surgical use. Thus, in one case a 
battery is desired which shall overcome great resistance. Here 
we need high electro-motive force, and in order to secure this 
we an-ange the cells in series. In another case we have slight 
resistance to overcome, but desire a large current. In this 
iustiince we connect the cells "for quantity" or in multiple arc. 
These terms have been fully explained on pages 104 and 105. 

Galvanic batteries for medical pmposes may naturally be 
divided into two classes, — stationary and portable. 

(219) 
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Stationary Battems. — A stationaiy or office battery should 
possess the; tbllowiiif; desiderate : It should give a steady current 
of the quality needed, should not give off aerid fumes, be easily 
ke])t dean, require little attention, and keep in good working 
order for a considerable time. Among tlie batteries in use, the 
Leclanche, or one of its modifications, fulfills most of these 
desiderata. There are, liowever, otlicr batleries which arc use- 
ful, and which may for a jmrticnlar class of work give better 
results. Among tliese may he mentioned tlie Siemcns-HaUke 
cell, which is a modification of the Dauiell. It has, however, a 
very high internal resistance, and where large currents are 
required, as in some classes of gj'naicologinal work, it fails to 
meet tlie demands made upon it. A further objection to its use 
is tlie tendency of the salts to "creep," and cause incrustation 
of tlie sides of the jars. The cell is, however, very constant, 
and requires little attention. 

Storage batteries arc now made which answer the demands 
of an office battery almost to perfection. When their manage- 
ment is thoroughly understood,- and the current they furnish 
regulated by a proper rheostsit, they give little trouble and save 
much annoyance. Tliey may either be charged at an electrir-- 
liglit station, by an incandescent-light wire, or by a few cells of 
gravity battery. . 

Many instrument-makers have constructed cabinets to con- 
tain the batteries and other appliances for office use. The 
cells tised in these cabinets are usually some form of Leclanche 
element. Much ingenuity has been expended in securmg coin-' 
venience of arrangement as well as elegance of finish in these 
cabinets. Waite & Bartlett, of New York, Otto Flemming, of 
Philadelphia, and the Mcintosh Galvanic and Faradic Battery 
Coinjmny, of Chicago, make cabinet batteries with which all 
sorts of medical electrical work except galvano-causty can be 
performed. The accomi>anying illustration shows the office 
cabinet, as made by Waite & Bartlett. The cells, as shown, are 
contained in the cupboard, which forms the base of the piece of 
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furniture. In the upper portion are a handy arrangement fur 
switctiing into action the cells, autonuitic galvanic interrupter, 
or rheotome, commutator, metallic and water rheostats, an excel- 
lent faradic ap]>aratus, and a milliamp^remetcr for raeasuriiii,' tlic 
strength of tlie current. There are alfio drawers and spaces for 
putting away electrodes and appliances. 

Tlie nffire cabinet nf Otto Flemniing is also conveniently 
arranged and of excellent workniansliip. 




An arrangement to take the place of offiee cabinets, where 
economy of space in tlie room is an object, is known among in- 
strument-makers as a wall cabinet. Many iiseliil forms of this 
apparatus are made, the most complete and handy being shown 
hi the cut (Fig. 181). The cells may be put in a closet, cellar, 
or distant room and connected witli the switch-board by insu- 
lated wires. The wall cabinet is Hell adapted for hospitals and 
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dispensaries, as it fiimislies the current in convenient arniuge-| 
tnent, without occupyinft much space in the op('ratiu{: room. 

A convenient movable table for hospital work lias been de»l 
signed by Dr. G. Betton Massey. It is shown in Fig. 182. 

Where the electrical bath is used, some convenient method I 
of switching the cnrifuts olf and on and reversing currents is| 




often desired. Tlie manufacturers have supplied this in an ex- J 
ceedingly useful switch-board, one of which is illustrated in Fi^J 
183. This is made liy the Jlcliitosh Galvanic and Faradiq 
IJatteiy Company, of Chicago. 

Poriable Batteries. — The frequent necessity of applying 
electricity at the patient's residence has stimulated mstrument* 
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makers to au active rivalry iu making portjible galvanic bat- 
teries. In addition to tlie desiderata, already mentioned, which 
sliould be possessed by a stationary battery, the portable iMiltery 
makes another demand, namely, tliat it should he portnljle. 
This at once excludes those elements whose greatest excellence 
is their steadiness of action, namely, the Loclanch^ and the 
various sulphate of copper cells. Their size and weight pre- 
clude their use as portable batteries. The storage battery has 
not yet been sufficiently developed in this direction to funiish a 
sufficiently high electi-o-motivc furt^ consistent with portabihty. 
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Hence, it also must be excluded from consideration in this con- 
nection. We are restricted, therefore, in malting a choice of 
cell for a portable battery to the bichromate cell, the bisiil|)hate 
of mercuiy cell, and the chloride of silver cell. .\1I of these 
have been used in constructing batteries, of which the following 
figures show nseliil designs. 

Bichromate Batteries. — The batteries shown in Fi<is. 184, 
185, and 186 are convenient and efficient in action, as tested by 
the writer personally. The cells are of hard rubber or glass, and 
when the battery is not in use the elements, are removed from 
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the solution by lowering the tray, as in the Flemming and 1 
Waite & Bartlett batteries, or by placing them iii empty com- 1 
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partmeiits, as in the Mcintosh instniment. To prevent spilling 1 
of the tiiiid while carrying the Flemming, or Waite & Bartlett 1 



r 

^H battery, a padded board, called a hydrostttt, is shoved in between 
^H the tops of the cells and the ends of the zinc-<arbon elemuuta. 




9 Portable Oalvasio Batt 
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and by means of screws the board is brougtit firmly against the 
tops ol'the cells, thus effectually sealing tliein. 

Solution of bisidpliate of mercury may be used in these 
batteries instead of the acid solution of potassium bichromate, 
biit it does not give a sufficiently strong current for many 
purposes. 

The disadvantages of those forms of batteries are the follow- 
ing: The fluid soon becomes weak and requires to be changed; 
the cells become leaky, and, where hard-rubber cells are used, 
a complete new tray or set is required when only one cell is 




defective. This becomes a source of expense. Glass cells, 
especially where toughened glass is used, are more durable. 
Unless great care is taken in screwing nji tiie hydrostat the 
fluid may spill and corrode any metal points it reaches. This 
may give rise to defective contacts and so interfere with the 
efficiency of the apparatus. 

In spite, however, of these shortcomings the bichromate 
batteries remain, at present, our best type of portable batteries, 
being moderate in price, fumishiiig a strong, current, and, where 
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iiik'Uigeutly and raR-liiUy liaudled, not being very liable to get 
out of order 

Chloride of Silver Batteries. — For neatness, portability, and 
convenience orMrriinyemeiit the chloride of silver "dry" battery 
shown in Fig. 187 leaves little to be desired. It is made by the 
John A. BaiTett Ilattei-)- Company, of Ikltimore, and the designer 
claims to have secured a constant, uniform, and durable current. 
Previous experiences with otiier forms of tliis battery, e,^., 
Gaiffe's, liave, liowevcr, not proven satisfactory. The iirst 
expense is considerable, and the hfe of the cell is too short. 
AVhen the chloride of silver is reduced to metallic silver, the 
usefulness of the battery is at an end until the elements are 




Via. 188.— Flemmi! 

replaced by others. The company making the battery shown 
above offer to replace woni-out cells with new ones at a small 
cost. 

Most of these portable galvanic batteries are also furnished 
with a farndic apparatus, but the physician should keep these 
two instruments sejmrate. Neither the portability iior efficiency 
of the apparatus is increased by a "combination" of two diifer^ 
ent instruments in the same case. 

Faradic Batteries. — Faradic batteries are usually made in 
portable form. Unfortunately, there is, at present, no standard 
in use among American manufacturers. Many of the faradic 
machines in the market ai-e very imi>evfectly constructed. The 
best makers have adopted the Du Bois-lieymond cotl as a 
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model, but in all except; the more exin'iisivc instruments little 
care is taken to make a good, tmstwoitliy n|)f>amtu8. The 
scale to indicate tlie coil distance, when Cuniished at all, is 
often of no value whatever as an indication of the current 
sti-eiigth. 

An excellent Du Bois-Reymond coil is made by Flemming. 
This has a double stale, the zero upon wliich indicates the zero 
of current, wliether tlie primiiry or secondary ciUTent is used. 
The outer coil is proix-lled by means of a screw, enabling tlie 
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practitioner to increase or diminiKh the current in the most 
gradual manner. This instrument, wliicli lacks the element of 
portability, is usually sot in action with a Grenet cell. This 
apparatus is shown in Fig. 188. 

The abdve illustration (Fig. 189) shows an exci^dingly con- 
venient and handy faradic battery, in which the rhioride of silver 
cell is the motive agent. It seems to work well, and possesses 
the advantage of portability and ease of management in a very 
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high degree. It is t^uiii-aiiteed to run without diminution of I 
current for one hmidved hours. For accurate observations, how- i 
ever, the scale sliowing the coil distance — the only method now 
available for approximately measuring the current of a faradic 
machine — should be more carelidly made than lieretoibre. 




— EKaKLMAKM'a FaKADIC BaI" 



Two or three years ago Dr. George J. Engelmann, of St. ' 
liOuis, devised a faradic apparatus, shown in Fig. 190, which 
appears to have many advantages over the ordinary liatterii-s 
sold for physicians' use. This battery is provided with three 
coils of diffei-ent-sized wires, and different resistances, which arc 
marked upon the coils. These coils ai-e termed, respectively. 



TARADIC BATTERIES. 



231 



coarse, fine* and medium. According to Ur. Eiigelmaiin, the 
coarse coil should be used for muscular coutractions, and to pro- 
duce contraction of the uU>nis when in a condition ol' sultinvo- 
lutiou, the tine coil to relieve the pain in celliditis, and the' 
medium to produce muscular contractions when the parts are 
too sensitive to permit the use of the coarse coil. Tliis balterj* 
was primarily designed for use in gyiiajcologicjil cases; but every 
practitioner conversant with the eflects of laradic electricity 
will see indications for the use of the different coils. It is earn- 
estly to be desii'cd tliat cait-ful observation^ should be made with 
this apjMimtus. 

A (aradit* battery, which can be readily carried in the coat- 
pocket, is made bj Oaili'e, of Paris, and by several AniL-rican 
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firms. The galvanic ciu-rent is furuislied by two small carbon 
trays, i-epn-senting the carbon element, and two flat, square 
blocks of zinc for the positive element. The exciting fluid is 
solution of mercury bisuipbate. A current of considerable in- 
tensity can be obtained from this little instrument, and it may 
oftep be employed to advantage. 

ACCESSOKT APPARATUS. 

Current Selector. — Kvery battery sliould be so arranged that 
any one cell, ov any number of cells ran be thrown into circuit 
when wanted. In many of the stationary apparatuses now 
before tlie pl■of(•^sion the current selector or swit('h is defective 
in this jiarticidar, there being no way of pickhig out cells in the 
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series, unless the first cells are also included. !Most recent I 
devices have this defect corrected. Purchasers of stationary 

electrical apparatus sliould insist ujjon being furnished witli the i 

form of switch known as the "Universal" Current Selector, j 

by means of wliich any individual cell, or number of cells in the i 
scries, may be switched into circuit. 

Commutator, or Pole Changer. — For tlie purpose of rapid I 

reversal of the direction of the current (voltaic alternation), \ 

nearly all galvanic batteries iiave a simple switch, called a i 

commutator, attached. By means of this arrangement the I 
direction of tiie current, or, what is the same tiling, the relative 

positions of the poles, can be clianged without Removing the ' 





AvronATta 



electrodes from the body. It is essential that the springs by J 
which the contacts are made in the commutator simll worlcj 
stiffly, other^vise the contact is liable to be delwctive. 

Dr. Morris J. Lewis, of P)iihidcl|)hia. has devised an in- 
genious commutator and circuit-breaker, to \ie. opcratrd witli the 
feet (Fig. 192). The posts P and N arc connected mth the 
positive and negative poles, respectively, of the battery. The 
electrodes are connected with the binding-posts A and B. The 1 
circuit is made and broken nith the pedal at the side of the iu- J 
strument. By pressing on tlie button A with the other foot, I 
the electrode connected with tlie bindiug-post A becomes posi* J 
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tive ; by pressing on the button jB, the electrode running to B 
becomes positive. 

Current Interrupter, or Rheotome. — Where it is desired to 
interrupt the galvanic current at regular intervals, an automatic 
rheotome, or contact-breaker, is necessary. In some instru- 
ments the interruptions are made by clock-work, which can be 
set fast or slow, as in the one shown in Fig. 193. The figures 
above the buttons indicate the number of interruptions per 
second. In other forms of the instrument the interruptions 
are produced by the vibration of the armature of a small elec- 
tro-magnet. The amplitude of the vibration determines the in- 
tervals between the interruptions. Some faradic machines 
have attachments for slow interruptions of the induced current, 
which are often advantageous in diagnosis. 

Milliamperemeter, — The proper " dosage " of electricity 
has only recently attracted much attention on the part of the 
profession. The former practice, which, indeed, still prevails to 
a very great extent, has been to state the strength of current in 
the number of cells used. The reader who has carefully studied 
the first part of this work need not be told that this method of 
estimating the strength of current used is entirely fallacious. 
Not only do different cells vary in the electro-motive force and 
current furnished, but the same cells differ at different times, 
owing to conditions fully set forth in a previous section. The 
size and character of the electrodes used, the resistance of the 
portion of the body operated upon, and the manner in which 
the electrodes are applied, all control, to a greater or less degree, 
tlie available strength of cun'ent at the point of application. 
Hence, in order to determine exactly how much current is 
traversing the tissues, and, probably, doing certain work there in 
modifying nutrition, etc., a means is desirable by which we can 
measure the current, to find out, as it may be expressed, the 
dose of electricity which we are administering to the patient. 
Sucli an apparatus is at our command in the so-called absolute 
galvanometer or milliamperemeter, shown on the following page. 
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The miili<impi";re lias been adopted by common consent 
amoug tlieraptutisls as the electro-therapeutic unit, and it has 
beeome ciistomai-y to record the strengtii of the galvanic ciirrcut 
used in any case in milhampi^res (Ma). Wliile the nse of this 
instrument has only very vect-ntly become general, and no fixed 
rules as to the measmed cui-rent strength to be used in all dia- 
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8 have yet \wen established, certain important results littTei 
aliimdy been obtained to which reference will be made in the f 
next chapter. Electrolytic operations, especially, have yielded I 
much more definite residts since the measuring of the current i 
used has been more regularly practiced. 
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It is therefore most earnestly urged upon the practitioner 
who uses the gah anic current that the milliamperemeter should 
be a constant accessory to the battery in the application of 
electro-therapy and diagnosis. The proper construction of this 
instrument lias been described in the first part of this work. 
In all stationary batteries now made by the instrument-makers 
it is an essential part of the outfit. It should, in addition, 
be used also in measuring the current when a portable battery 
is used. Fig. 195 shows the instrument connected in circuit 
with a portable battery. 

Rheostat, or Current Controller. — ^In the practical application 
of electricity it is often desirable to use a less strength of cur- 
rent than is furnished by a single 
cell, or to increase or diminish the 
current morie gradually than can 
be done by the addition or dropping 
out of circuit single cells* by means 
of the current selector. For this 
purpose a carefully graduated rhe- 
ostat should be used. The rheostats 
usually furnished with galvanic 
batteries are in the form of re- 
sistance coils, each of which when 
switched into the circuit introduces a certain definite resistance 
depending upon the length, thickness, and kind of wire used. 
(See " Resistance," Part I.) But these forms of rheostat are 
not suitable for medical purposes, where an instrument is re- 
quired that will gradually — almost imperceptibly — ^vafy the cur- 
rent strength instead of increasing or diminishing it per ealhim^ 
as happens in the older form of resistance coils. 

An excellent resistance instrument is the water rheostat 
(Fig. 196), which permits a very gmdual increase or decrease in 
the current. It is, however, more suitable for intei-position in a 
iaradic than in a galvanic circuit, for when the latter cunent 
passes through the water electrolysis of the liquid immediately 
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begins, which soon itself adds to tiie resistance by coating one | 
of the contact points with hydrogen gas. 

A more recent form of tlic water rlieostat is the " Baily 
Current liegulator" (Fig. 197), manufactured by the l^aw Battery 
Company, of New York. Tlie place of the rod of metal in the 
ordinary water rheostat is taken in this iustnnncnt by four carbon I 
plates tapering to a point. The 
current can be very gradually 
increased or decreased with this 
rheostat. Among other Ibrms 
highly rccommentled are the 
graphite rlieostat of IJr. Gartner, 
of Vienna, and a modification of 
this histrument by Dr. G. Betlon 
Massey, and figured in his book." 




Electrodes, or Rheophores. — Electrodes are instrumental 
tliroiigh which electricity is applied to the body. They vary in I 
size and sliape with the special puriKiso for which tbeyare U6ed» I 
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! Tliose most fi-cqiieiitly used are the ordinary flat electrodes, one 
and one-liaU' iuclies in diameter, and covered with sponge, or 
absorbent cotton, as su^csted by l>r. G. Betton Massey. The 
absorbent-cotton covering is much neater and cleaner than the 
s|H)nge, and should eorae into general use. A new cover is used 
ibr each sitting. This electrode is only slightly larger than the 
'•normal electrode" of Erb, and may be used ordinarily as a 
testing electrode in electro-diagnosis. The surface of all elec- 
trodes should lie of metal, nickel-plated, or of carbon. For the 
gahanic current the carbon electrodes are liettcr. as tliey are not 
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coiToded by the electrolytic action when a saline solution is used 
to moisten them. The cut (Fig, 19ft) shows a number of the 
electrodes used by Erb. The smaller ones are used for fine 
nerve-branches and small muscles, while the larger ones are used 
for determining the quantitative reaction of various muscles. 
The ''indifferent" electrode of Erb has a surface of fifty square 
centimetres, is oblong in shape, with a slightly concave surlace, 
antl well padded with cotton. Its size is aboiit five by ten cen- 
timetres (two by four inches). This electrode is useful in atimu- 
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lating lai'ge muscles to contraction and in applying clec^dty t 
the chest, abdomen, and thighs; where large surtiiees nro to t 
covered at a time, still larger eltt:tro(les are used by Etb, TOl 
Ziemssen, and olhers. 

For the purpose of stimulatuig the sensation of the b 
or of prodneing reflex muscular contraction by initation of t 
skin, the electric bnisli or scourge is used (Fig. 199). 



PlQ. in,— EI.KCTI1IC BRDBB. 

In order to reduce the expense of an electrical outfit and to J 
economize space, instrument-makers usually furnish a common I 
or "universal" handle, to which all the various electrodes may I 
be attached. Some of these liaudlcs are plain, othere are pro- I 
vided with a key for interrupting the current. Examples of ( 
each are here shuwu (Figs. ^00 and 201). 




Some makers Iiave introduced various complicated arrange- ] 
niput* in the handles of electrodes. Among these ai-e commii-| 
tator handles and rheostat handles. All tliese accessories ai:^, j 
however, better introduced iu some otlier portion of the circuit..] 
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For convenience of manipulation and to secure accurate 
and firm adaptation of the contacts to the skin so-called "fixa- 
tion electrodes" are used (Fig. 202). Those shown in the cut 
may be used for the neck, thigh, leg, or arm. The preceding 
page shows a number of special electrodes adapted for various 
pur[K)ses. 

Fig. 203 is a flexible electrode for the application of the 
current to the head, or to painful surfaces, such as inflamed 
joints. Fig. 204, a metallic foot-plate, which can be covered 
with a towel moistened with a warm saline solution, thus obvi- 
ating the necessity of using a sponge-covered electrode, which 
soon becomes dirty. Fig. 205 is an electrode with a long stem, 
for use along the spine, avoiding the necessity of removing the 
clothing. Fig. 206 is a massage electrode, which is yerry useful 
in cases of chronic inflammation of the joints and chronic in- 
flammatory infiltrations. Figs. 207 and 208 are electrodes for 
l)roducing faradic excitation of the skin in anaesthesia, or where 
it is desired to affect deejvseated organs by reflex action. 

Other electrodes for special uses will be described in the 
appropriate sections in the chapter on Electi*o-Therapeutics. 

ELECTRO-CAUTERY APPARATUS. 

Batteries. — The elements of a galvano-cautery battery 
should have large surface, and the battery should have small 
internal resistance. The electro-motive force should be sufficient 
to readily overcome all the resistance of the circuit, and the 
current large enough to produce and maintain a sufficiently- 
high degree of heat in the cautery points. The battery should 
not polarize quickly, or, in the event of this being unavoidable, 
should be supplied with an antingcment for rapid depolarization. 

Cautery batteries shoidd also be portable, as many operations 
require to be done at the patient's home. It is essential, how- 
ever, that efficiency of action shall not be sacrificed to porta- 
bility. In hospitals or offices, where a cautery is frequently 
required, a stationary battery placed in a cellar or closet, and 
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lonnectotl with a sivitcIi-lK)ard in the o()crating-room, will give 
more satislkrtiun tlian a poi-Uiblc battery, befwise the plates and 
(■ells can U- made larger. Fig. 209 shows such a stationary 
battery, modekd after that of Brniis. It is extretaoly convenient 
Ibr office and hospital work. 
At the present day most cautery 
batteries are made with zinc- 
carbon clcmnits, and use the 
acid solution of potassium lii- 
chromjife as the exciting fluid. 

The rapid action going on 
in the cell causes the evolution 
of a large quantity of hydrogen 
gas, wliich iJTOduees polarization 
of the carbon plate unless it is 
displaced by agitating the liqiiid. 
This is done in sonic Iwittrrics 

by feliaking the plates by means 





of a treadle, in otliors by forcing a current of air through the 
fluid witli a nibljer bulb, or by giving the plates, which are 
hung on pivots, a rocking motion with the hand. One of the 
most convcuient fbnns of portable cautery battery is that devised 
by Dr. Ilcnrj' G. Pitfard, of New York, and shown in Fig. 210. 
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Storage batteries g^ve excellent satisfaction as cautery | 
batteries. Tliey can be cliiirged by attacbing them to a series J 
of gravity cells (ten or twelve are sufficient), and when the 
battci-y is wanted for use it can be det;ichcd from the charging j 
cells and rarried wherever needed. When tlie electrodes are I 
attached,' and the mte uf discharge regidated by a rheostat, the I 
iustrument is ready for use. In Fig. 211 a storage battery for j 
this pur^iose is shown. It contains tln-ee cells, and fumishes a fl 
cun-ent powerful enough for all cMUtery requirements. 




Pla.Stl.— Stohaoe BATTtuy for Oalvaso- 



Dynamo Machines. — Sevei-al European surgeons have used 
a small Giamine machine as the source of the energy required 
to heat cautery electrodes. ^Vliere steam, water-]JO«'er, a gas- 
engine, or an electro-motor can be obtained, a dj-namo macliine 
furnishes the ideal souree of electrical energy for the physician. 
A compound machine of, say, a half horse-power will, so long 
as it is kept rotating at the projjer rate of speed, funiish (1) a 
current of low clectro-moti\o force and large " quantity," suitable 
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fur flectro-caiitt-rvopfrations; (3)acmTcntoriiigliclcctit)-tuotive 
Ibrcc aud small '■quantity," suitable Ibi' electrolytic work and 
tlie f^eneral purposes of the medical electrician, and (3) u cur- 
rent by whiclxftii induction coil can be worked so as to gi^e a 
taradiu cuiTcnt. Naturally, this is only practicable for stationary 
outfits. For a portable apparatus the physician is still limited 
to tlie ordinary aud storage batteries. Tlic Mcintosh Battery 




Fii. aa.— Thb MoIbtosh Medicai, Dtkamo, . 
Company, of Chicago, makes a dynamo machine, called " The 
Medical Dynamo," which seems to meet the requirements of the 
physician. In addition to furnishing the required cun-ont for 
cautery work, it will at the same time give a lighting-power 
sufficient for rhinoscopic or laryngoscopic ivork. TIic advantage 
of this combination must be readily evident. This machine is 
Bhowu in Fiff. "212. 
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Electrodes for Galvano-cauiery. — The cautery electrodes 
consist of knives (flattened loops of platinum wire), fine and 
broad points, and loo|>s. The conducting wires are of copper, 
a good conductor, while the burning-points consist of loops of 
platinum wive, wliicli, ofiering more resistance to the current, is 
heated, while the copi>er wire is not at all or only slightly 
heated by the current. On reference to pages 43—45, the reader 
will find the I'easons for this given more in detail. 

The practical use of the galvano-cautery requires a careful 
study of the relations between electro-motive force, resistance, 




and cuiTcnt ; in other words, an understanding of Olim's law. 
For example, Jhe short loop of flattened wire constituting a 
cautery knife offers little resistance to the passage of the cur- 
rent, and consequently requires onl)' a low electro-motive force, 
probably an electro-motive force of not over two volts, which 
would be furnished by a single cell of a good storage battery 
or by two cells of any good cautei-j' battery. If, on the other 
hand, a loop of wire eight or ten inches long is to be heated, 
the resistance is very much increased, and a higher voltage 



ELECTRODES FOR GALVANO-CAUTEBT. 245 

(plectm-motive force) would be requisite to overcome it, and to 
alloiv tlie ciirrt'nt to produce the heating effect. It will be clear, 
then, at once to tlie reader that the mere possession of a cauterj' 
outfit will not insure success in any operation undertaken, 
unless the posiieiisor has the requisite knowledge to use it 
proi>crIy. 

Cautery electrodes consist of two parts, the caiitei^ jirojH'r 
and tlic holder or liandle. Most outfits are now furnished with 
what is known as a "Universal" handle, to which most of the 
cauterj' points can be attached. Fig. 213 shows sucli a combi- 
nation handle, with mtchct-%vhecl to shorten the wire loop as it 
cuts, or rather burns, its waj' through the tissues. Iiu mediately 
below are given illustrations of a large variety of burners, 
knives, points, and loops. 



I 
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A\'liere large masses are to be removed, as in amputation 
of the cervix uteri, a handle witli im eauseur screw is used to 
sliorten the wire, which jwissos through two conductuig tubes. 
Fig. 214 illustrates this large handle. 

OTHER ELECTRICAL INSTRUMENTS FOB SURGICAL PUKPOSF^. 
For the rapid and accurate trephining and sawing of bones, 
and burring or rimming out exostoses, various instruments, in 
wltich elcctrieity is used as the motive (X)wer, have been devised 
by surgeons and dentists. It would take up too much space to 
descrilx! these in detail in this work. Attention may, liowever. 
be directed to the ingenious and elaborate development of tlie 
electro-motor in surgery, made by Dr. M. J. Roberts, of New 
York, in his electric osteotome.* 

• IntiTuatiiiiial Joiininl of Surgery and AntlBeiilics, January. tSBS. 
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INSTRUMENTS FOR APPLYING STATIC ELECTRICITY. 

The principles of static induction and the constniction of 
static macliines have been explained in sufficient detail iii the 
first part of this work (pages 2-3— 27). It remains necessary 
to show liere the methods of application of static electricity or 
franklinism in the treatment of disease. 

It is a matter of some interest that, wliile the first syste- 
matic applications of electricity for the treatment of disease 
were of the static or franklinic variety, tliis passed out of use 
almost altogether after the discovery of the voltaic pile, the 
magnoto-electrig machine, and the induction coil. Within a 
few years past, however, improvements in the static machine 
have again directed attention to this form of electricity, and at 
tlie pror^ent time it is being largely employed as a therapeutic 
agent. Benedikt, Stein, and Lcwandowski, in Germany, and 
A. L. Ranney, in the United States, are at present the most en- 
thusiastic cultivators of this special field of electro-therapy. 

The Static Machine. — Most of the static machines at pres- 
ent in use are modifications of the "influence machines" of 
Holtz (pages 26 and 27, Part I) and Toepler. Messrs. Queen 
& Co., of Philadelphia; AVaite & Bartlett, of New York; and 
the Mcintosh Battery Comixmy, of Cliicago, make static ma- 
cliines that give a constant discharge of high electro-motive 
force. 

By the use of a gas-engine or an electro-motor run by a stor- 
age battery, the presence of an assistant to turn the crank can 
be dispensed with. The necessary accessories in using static 
electricity are, in addition to the influence machine (Fig. 215), 
an insulated platform and stool, a set of electrodes, Leyden jars, 
chains, hooks, and rods. 

Prof A. L. Ranney, who has devoted much study to this 
subject, gives these directions for the care of the static machine:* 
"The machine should be placed in a perfectly dry room, and, if 

• Annual of the Universal Medical Sciencea, 1888. voL v, p. TSS. 
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possible, in a position to allow the siin's rays to fall directly 
upon the plates. The metal parts shouhl be rubbed briskly 
every moroing with dry cliamois-skiu or silk. Tliey should be 
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' occasionally repolished with emery paper. The bearings shonld 
be occasionally oiled and the leather belt tightened. During 
I the summer fresh chloride of calcium sliould be kept within the 
f case to absorb moisture." 



Part III. 



The Applications of Electricity 

IN THE 

Treatment of Disease. 
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CHAPTER I. 

General Therapeutic Effects of Electricity and Methods 

OF Application. 

Electricity is employed in medicine and surgery for a 
variety of purposes and in different ways. At one time its use 
is to stinudate nutrition ; at another, to excite muscular contrac- 
tion by its irritant or exciting effects acting either directly on the 
muscular fibre or indirectly through the nerve-supply of the 
muscle. Again, tlic current is used to modify the blood-supply 
of a part ; here to relieve pain, there to exalt sensation ; now 
to destroy tissue by the slow process of electrolysis, then to 
remove a part by the rapidly-acting galvano-cautery ; and, 
finally, to funiish light and a medium of sound-transmission for 
diagnostic purposes. 

All of these various applications and the methods by which 
they are used require detailed description and explanation. 

For many years, Duchenne, in France, and 11. llemak, in 
Germany, led two great opposing schools of electro-therapeutics. 
The French school, under the leadership of their great master 
to whom the electro-therapeutic art is under so many obligations, 
attributed neaily all the good effects of electricity to the induced 
or faradic current ; while the German school, following Remak, 
as exclusively pinned their faith to the constant or galvanic cur- 
rent. More recently, however, under the teaching of such emi- 
nent clinical observers as von Ziemssen, Erb, Benedikt, E. Remak, 
and others, in Germany ; Onimus, Legros, Charcot, and Apos- 
toli, in Fiance ; Althaus, De Watteville, and Russell Reynolds, 
in England, and especially the late Dr. George M, Beard and 
his collaborator, Dr. A. D. Rockwell, in this country, it has been 
accepted that both currents have their appropriate indications, 
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and that in some cases it is profitable to combine them for con- 
temporaneous use, or to employ them in succession or alternately 
at the same sitting. 

Much has been written of tlie different effects of the so- 
called "ascending" and "descending" currents, and of the dif- 
ferent poles, upon the seat (or supposed seat) of the disease. It 
may be asserted, however, that at present our knowledge is not 
sufficiently definite to indicate that the direction of the current 
(if, indeed, we may properly speak of direction of current) has 
any especial influence. Electro-therapeutists are by no means 
agreed that the direction in which the current passes through 
diseased tissue is of any particular importance to the end aimed 
at, I.e., the cure of the morbid condition. Since the physio- 
logical and therapeutical researches of Brenner and von Ziems- 
sen, however, we are justified in attributing some importance to 
the particular pole used. This presupposes a coiTect apprecia- 
tion of the objects had in view in tlie application of the current 
and a knowledge of electro-physics and electro-physiology. The 
physician should leani, even Ixjfore he has purchased a battery 
and electrical outfit, that an agent so powerful for good, if 
properly, rationally, and intelligently used, is no less potent for 
harm if ignorantly or improperly employed. 

Galvanism. — The galvanic current is used in medicine for 
its general and local effects. Its methods of application are 
these : — 

1. General galvanization. 

2. Central galvanization. 

3. The galvanic bath. 

4. Local galvanization. 

General Galvanization. — This consists in the use of a large 
metal plate, covered with a sponge or towel moistened with 
warm salt water, as cathode. The patient places his feet upon 
this plate, or he may sit upon it, the feet or buttocks being, of 
course, uncovered. The anode is a large sponge electrode, or 
the operator may use his hand instead, placing himself in the 
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circuit. Having regulated by means of the current ' selector, 
or rheostat, the strength of the current, which the operator 
should test on his own person, the patient is placed in the 
desired position (the sitting posture is most convenient), and 
the foot or buttock electrode connected with the negative 
pole of the battery. The sponge anode or the electrical hand 
(well moistened) is then applied to the body in regular order, 
licginning with the head (where very weak currents should be 
used), over the face and neck, the upper extremities, the trunk, 
thighs, and along the spine. The current should never be strong 
enough to excite violent muscular contraction or give rise to 
severe pain. 

G(^neml galvanization can be employed in connection with 
local galvanization in various neurotic or functional disorders of 
certain organs. 

Central Galvanization. — Under this name Dr. Beard de- 
scribed a modified procedure, which consists in placing one large 
electrode (cathode) over the epigastrium, and the anode, in the 
same manner as in general galvanization, over the head, neck, 
upper extremities, trunk, and along the spine. 

Sittings for the application of general and central galvaniza- 
tion may last five to fifteen minutes. If unpleasant effects or 
aggravation of the symptoms follow the employment of these 
methods, the current used may have been too strong, or the pro- 
cedure unsuitable to the case. 

The conditions especially suitable for treatment by general 
and central galvanization are the general functional neuroses, — 
neurastlienia, hysteria, hypochondria, headaches of various kinds, 
psychoses, chorea, and general depression of the vital powers. 

Electric ^afA.-T-The electric bath, after remaining in the 
exclusive possession of ignorant quacks and charlatans for many 
years, has recently been subjected to thorough study by scientific 
electro-therapeutists, chief among whom are Stein, Eidenburg, 
and I^ehr. The technique of the electric bath has been par- 
ticularly developed by the two last-named obsen^ers, who have 
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also endeavored to more definitely establish its physiological 
effects and therapeutic applications. Although some encourag- 
ing results have been obtained, the indications for this method 
of applying electricity still lack precision. Either the constant 
or faradic current may be employed in the electric bath. 

The methods of using the bath are various. We speak 
of unipolar and bipolar, or multipolar general electric baths, 
and of local electric baths. The arrangements for these are, 
briefly, as follow: — 

Unipolar Bath. — The bath-tub itself, with its contained 
water, constitutes one electrode, while the other consists of a 
metal rod fixed at a convenient height above the bath-tub. The 
circuit is made and broken by grasping and letting go this roc^ 
with the hands. If the bath-tub itself is of non-conductinsr 
material, metal terminals are inserted in the walls of the tub 
and connected with tlie conducting cords. There may be one 
or many of these points of contact. 

The body of the patient is prevented from touching the 
metal sides and bottom of the tub, or the electrodes, by a light 
lattice-work of \Vood. 

Bipolar Bath. — ^In the bipolar or multipolar bath the 
current enters at one side of the tub and passes out at the other 
through flat electrodes, — ^usually copper plates of large size, 
called "shovel electrodes" from their general shape. 

According to Eulenburg, the unipohir bath answers all 
purposes for which the electric bath can be necessaiT, although 
Lehr states that the bipolar bath is more agreeable and con- 
venient. The electric bath can be employed in the sick-room 
by using one of the portable rubber or canvas bath-tubs, and 
passing the current through the water by means of two or more 
large plate electrodes. 

The indications for electric baths are, general functional 
neuroses, lowered nutrition, chronic gout and rheumatism, 
multiple neuralgias, tremor, neurotic skin affections (pemphigus 
and dermatitis herpetiformis), cerebral and spinal irritation. 
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neurasthenia, hypochondria, etc. In hysteria, hystero-epilepsy, 
and licart affections this form of general electrization is contra- 
indicated. 

Localized Galvanization. — The study of the local effects 
of galvanism has been much advanced by the laborious investi- 
gations of li. llemak, Brenner, von Ziemssen, Erb, and others. 
Many of the results obtained have already been considered in 
the sections on electro-physiology and electro-diagnosis. Here 
the electrolytic, cataphoric, vasomotor, and trophic eflfects will 
be especially considered. 

Electrolysis. — If the reader will refer to the section on 
Electrolysis in the first part of this work, he will there find 
clearly stated certain well-established laws governing the passage 
of the current through an electrolyte, or electrolytic conduction. 
These laws have been established by observation of the action 
of the current on inorganic compounds of simple, and hence 
more or less stable, composition. When we endeavor to apply 
these laws to the phenomena of electrolysis of organic com- 
pounrls, we meet with many difficulties and apparent contmdic- 
tions. There is reason to believe, however, that the laws 
remain the same, whether the electrolysis takes place in inorganic 
or organic compounds, and that the difficulty is entirely due to 
our deficient knowledge of what takes place when an electro- 
lytic current is passed through organic tissue. 

If we assume that organic tissues, such, for example, of 
which the human body is composed, are electrolytes, and that 
the passage of a current through such tissues always causes 
electrolytic decomposition, much of the difficulty vanishes. The 
complexity of the results of electrolysis in organic tissues as 
compared with inorganic electrolytes may be explained, in part 
at least, by the greater chemical complexity of the former. 
Furthermore, organic tissue — a gland, muscle, or morbid 
growth — ^must be considered as a multitude of electrolytes of 
different composition placed side by side; and on passing a 
current through such a collection of differing electrolytes we 
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may expect not merely the results of decomposition at the 
electrodes, but, assuming each individual tissue (muscle-fibre, 
connective tissue, nerve, blood-vessel, lymph-space, etc.) to have 
different composition and resistances, we should have a multi- 
tude of electrodes between the two terminals of the battery, 
and might reasonably expect a separation of ions at each point 
where the current passes from one sort of tissue to another. 
With this conception we can understand without much difficulty 
what has been termed "interpolar action," but which has uot 
heretofore been clearly explained on any physical law. 

The methods of applying the galvanic current for electro- 
lytic purposes vary with the sjx?cial cases for which it is 
employed. Wherever applicable, one or both electrodes should 
be directly introduced into the tissue which it is desired to 
decompose. In other cases, the transmission of a current seems 
to be efficient, no matter whether the electrodes are directly in 
contact with the tissues or not. 

Electrolysis is employed for the purpose of causing absorp- 
tion of serous effusions, solid inflammatory infiltrations, and 
new growths, for the destruction of smaller new formations 
(warts, ntevi, tumors) or normal growths in abnormal situations 
(hirsuties, trichiasis). It is also fciken advantage of for the 
destruction of the foetus in extra-uterine pregnancy. In aneu- 
rism it has txiken a leading position as a safe and efficient mode 
of treatment, and angioma, cystic goitre, and bony ankylosis 
have yielded to its persistent and systematic employment. 

Cataphoresis. — Various experimenters have shown that a 
galvanic current passing through a vessel containing fluid sepa- 
rated by a porous division causes a transfer of fluid through the 
porous partition, so that the fluid stands higher on one side of 
the partition than on the other. This phenomenon is called 
electrical osmosis. The direction of osmotic action is with the 
current, /.6., from the anode to the catliode. Experiments upon 
animal tissues have shown that medicinal substances, for ex- 
ample, iodine, quinine, str)'chnine, cocaine, bichloride of mer- 
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cur)', etc., could be made to traverse organic tissues — the epi- 
dermis among others — in the same way. This property of the 
galvanic current has been taken advantage of to a limited ex- 
tent to favor the entmnce of medicaments through the skin. It 
is said that local anaesthesia has been thus produced with cocaine 
and chloroform, and that mercuric bichloride has in this way 
been "driven into" the skin and acted more efficiently as a para- 
siticide than when merely applied to the surface. 

But it is probable that this cataphoric or osmotic action 
also plays a ]mrt in the action of the galvanic current in cases 
of serous effusion, and the absorption of infiltrations generally. 
While to the writer it appears probable that most of the results 
obtained from the galvanic current in such cases are due to the 
electrolytic action already referred to, it is also rational to sup- 
pose that the osmotic or propulsive action of the current assists 
in the removal of the morbid products. 

Vasomotor Effects. — It has been already mentioned that 
the galvanic current produces variations in the calibre of the 
blood-vessels at the points of application of the electrodes. 
Similar modifications of the vascular calibre are produced by a 
stimulation of certain nerve-centres. These effects uiK>n the 
vascular system are sonjetimes made use of for the production 
of therapeutic results. 

Trophic Effects. — Although our knowledge of a trophic 
system of nerves is still very indefinite, we may assume the ex- 
istence of such nerves to aid us in explaining the phenomena 
of nutrition. Whether galvanism has any eflfects upon the tro- 
phic nerves is immaterial in face of the fact that it undoubtedly 
has a decided influence upon nutrition. Atrophies of organs or 
tissues are often favorably modified by the galvanic current. 

Catalytic Effects. — The effects comprised under the cata- 
plioric, vasomotor, and trophic effects have been ascribed by 
R. Remak and others to catalytic action. This term, which did 
duty for so long in chemistry until the advance of the science 
rendered it superfluous, has been adopted by a number of 
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electro-therapeutists to cover our lack of definite knowledge 
upon the subject, Its use is only justifiable on the ground that 
we have no well-defined notions of what takes place when the 
galvanic current produces the effects spoken of. Wd may ex- 
cuse ourselves for using the term by quoting the dictum of 
Mephistopheles in *' Faust " : — 

'•WoBegriffe fehlen, 
Da steHt ein Wort zur rechten Zeit sich ein ;" 

but its use is hardly creditable to our scientific honesty. It were 
better to drop it out of our technical terminology. 

Special Methods of Localized Galvanization. — It has heen 
experimentally shown by von Ziemssen and others (pp. 156, 157) 
that the galvanic current can be made to traverse the brain 
tlirough the skull and produce decided effects. Clinical obser- 
vations also seem to sliow that thempeutic results of value can 
be obtained by the transmission of electricity through this organ, 
not only in local cerebral complaints, but in general neuroses. 
The methods adopted by various electro-therapeutists for influ- 
encing the brain are the following: — 

(a) Longitudinal Brain Galvanization. — The electrodes 
(large, at least two inches square) are applied to the forehead 
and occiput, and a mild current transmitted. The electrodes 
should be firmly applied first and then the current gradually 
turned on. The current may be either stabile or labile.* The 
points for the application of the electrodes are the median line 
and the frontal protubemnces in front, and the occipito-vertebral 
junction and post-auricular space of the occiput behind. 

{h) Transverse Brain Galvanization. — Bearing in mind the 
physiological effects of transverse brain galvanization, i.e., nau- 
sea, vertigo, etc., extreme caution is requisite in transmitting 
the current through the brain from side to side. Very weak 
currents must be employed, and by the use of a good rheostat 

* A stabile current is one in which the electrodes are held flrmly in the positions to which 
they are applied. In the labile application one or both of the electrodes are moved about with- 
out raising them from the surface. Interrupted application consists in now and then raiainK one 
or both electrodes and reapplying them. This method is rarely used in brain galvanization. 
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the cujTPut will be very gradually turned oh and Jnoirnsed to 
the degree necessary. Tlie circuit should not he ahmptly brolccn, 
hut by increasing the reeiBtance gradually by means ol the rheo- 
stat the current sliould be slowly diniinislied to zeio. It is essen- 
tial for the employment of brain galvanizatiuit that a trustworthy 
milliampSrcmettn" should be in the circuit, wliich should he con- 
stantly watched to note the strength of the current and its in- 
crease or diminution. With the use of the electmde above 
mentioned, one milliampeie of currait is usually sufficient. 
Tiie points for the application of the electrodes in transverse 
brain galvanization are the two sides of the frontid bone, the 
parietal prolubemnces on either side, the tempoiul bones, and 
the mastoid processes. 

('-■) Diayoinil Brain Galvtniization. — In this method the 
siune cautions slioidd be observed as in transverse galvaniziition 
of the brain. The elrrtrodes are applied to tlie frontal, fronto* 
temporal, or fVonto-parietal region on one side, and the occipital 
region on the other. 

Sittings should never last longer than tlnce to five minutes. 

Galvanization of the bmin is applicable in various neurotic 
and psychical disorders, e.g., headache, insomnia, mental depres- 
sion, aphasia, etc. These symptoms are often improved, and in 
some cases the structural lesions, eifusions. infianmiatory infil- 
trations, etc., are benefited. 

Spinal Galvanization. — Galvanization of the spine may be 
longitudinal or tninsverse. In the first the electrodes are placed 
ovt-r tlie spinous processes iu the cervical and the sacral regions, 
or short sections of tlie s|iine may be taken at a time. In trans- 
vci-se giUvnntzat ion one jwlc is placed over the spine and tlie 
other applied to the median line in front. The position of the 
poles may be varied so that both poles may be brought succes- 
sively over the seat of ttie lesion. Careful observation will 
teach the practitioner the polar effect most desirable iu the case 
under treatment- . 

The ciui-cnt may also be transmitted from the spine to the 
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peripheral nerves or plexuses, one electrode being placed ovc?r 
tlic spine, and the other over the respective nerve-trunk or plexus. 
Here, also, the current may be tried in different directions to 
ascertain which gives the more beneficial effect. ^loderate cur- 
rents, gradually increased and decreased, arc indicated. 

The therapeutic indications of spinal galvanization are 
diseases of tlie spinal cord, and certain liuictional diseases of tlie 
brain, abdominal viscera, and the generative apparatus in both 
sexes. 

Subaural Galvanization. — Tliis procedure, known f^enerally 
as galvanizjition of the sympathetic, is best carried out as 
follows : An electrode* two inches square is applied to the neck 
at the maxillary angle, and pressed backward toward the spine. 
The other electrode is api)lied over the transverse processes of 
the fifth to the seventh cervical vertebrae on the opposite side of 
the body. A current of thiXH? to five milliamperes is used. 

Although the physiological effects of such a current are 
indefinite, the clhiicral results in many cases cannot be denied. 

Subaural galvanization is used with advantage in various 
neuroses about the head, as migraine, insomnia, tuinitus annum, 
vasomotor distiubances of the brain, and various functional 
disorders of the digestive and genito-urinarj- organs. 

The methods of employing galvanization of the eye and ear 
have alrerfdy been described on pnge 155. 

It may be mentioned that subaural galvanization has been 
used with success in the treatment of conical ulcer. Tlie use of 
an electrode applied directly to the ulcerated surface has also 
been found successful. Naturally, here very mild currents are 
employed. In galvanization of the ear, the ear electrode before 
described should be used, or the current should be transmitted 
through a large (two-inch) electrode, applied over the mastoid 
process. Tinnitus aurium and nervous deafness are proper 
conditions for the employment of aural galvanization. 

Constant Infinitesimal Currents. — Tlie effects of apparatus 
kept constantly applied to the surface, such as the multifarious 
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varieties of electric and galvanic belts, pads, brushes, combs, etc., 
have been studied by a number of scientific observers, but 
nothing very definite has been ascertained. The ciuTent fur- 
nished by thcvse devices is so small and inconstant that they can- 
not be relied upon for any therapeutic effects. Notwithstanding 
this, however, the constant galvanic cuiTcnt, though minute, 
furnished by these arrangements may at times produce decided 
modifications of nutrition by electrolysis. C-ases have been 
observed where small sloughs have formed under the battery 
terminals when the belts have been long worn. 

Ga/yanic Dosage. — Some remarks have already/ been made 
upon this topic when discussing the measurement of currents, 
but the subject is of such supreme importance to the electro- 
therapeutist that no apology is deemed necessary for reverting 
to it. The older records of cuiTcnt strength used in diseases 
are not available for comparison with results obtained at the 
present day, except when batteries of great constancy and 
known electro-motive force and current were employed. We 
are just beginning the scientific cultivation of electro-therapeutics. 
The proper dosage of the current is, therefore, a subject which 
demands from the physician the closest attention. 

As a general rule it may be accepted for our guidance at 
present, as deduced from clinical experience, that mild currents, 
other things being equal, are most desirable. Further researches 
in electro-therapeutics may, however, cause us to revise, if 
not reverse, this rule for many diseases, as the results obtained 
by Apostoli and his followers have already compelled us to do 
for one class of cases. Hence, the laws of the current, espe- 
rially Olim's law, not merely in its mathematical form, but in its 
daily intelligent application, must be studied by every physician 
who desires to succeed in the electro-therapeutic art. It must be 
understood, for example, that a current of 10 milliamperes is 
an entirely different thing in degi'ee when the electrodes are 3* 
centimetres and when they are 30^^ centimetrcs in area. In the 
one case the sensation would be decidedly painful, while in the 
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other there would be but slight sensory reaction to the c 
The therapeutic effects would, doubtless, likewise lie diffei 
A little practical experience will show the carel'ul obsor%"er tb] 
the electric current and its effects are not merely deix^ndei 
upon the number, kind, aiul size of the elements employed, i 
ui>on the sort of conductors and size of the electrodes, but t 
upon the dcgi-ce of resistance of the tissues operated upon. 

Miillcv and Stintzing have endeavored to indicate mo) 
particularly the proper strength of cuiTent to employ in cert 
diseases with definite-sized electrodes. Taking an electrode ou 
say, eighteen sqimre centimetres, Miiller uses a cun-eut of one 
milliampere as the normal standard in most cases. This is 
written in the form t>f a fraction, using the size of the electi 
as a denominator and tiie number of milliamperes as a iiurn 
ator, thus, j\. Should he desire to use a larger electrode, 
of 3ti* cm,, the strength of cuiTent employed is 2 ma., and ttl 
syraWl is then written ^"g In other cases he \ises stronger ( 
ivnts, for example, | {i.e., 1 ma. and 8' cm. electrode), or, 
operating about the cranium, even smaller currents, as i,'^ or i 

Stintzing has shown, however, that the physiological effec 
of ^ is not equivalent to j\: in other words, that an eqiml in- 
crease of current, with the size of electrode i!sed. will lead to 
erroneous conclusions. He iias found, for example, that i i 
upon a motor ner^e not with the strength of §. but of -j 
Heucc the symbol and fraction of Miiller must not be redu 
to its lowest terms, but recorded in its original form, 

Stintzing states, likewise, that the cuiTents employed ' 
MuUer are too weak for many cases. Thus he uses in apini 
diseases \^, in brain diseases ^^, and in subaural galvanizatw 
currents as strong as J'^. 

The general tendency of elect ro-therapeutists is, howerd 
in the direction marked out by Miiller. (.e., weak currents an 
short sittings. 

Duration of Sittings. — The duration of sittings is a 
that requires further study in connection with the accu 
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measurement of the ciirrent. In nervous disordei-s sittings of 
four or five minutes are the most usual. MuUer limits the sit- 
tings generally to one-half to one minute, rarely exceeding three 
minutes. In obstinate neuralgias sittings of from fifteen to 
tliirty minutes are often extremely heueficial, when shorter sit- 
tings would be inefFeetual. The duration may be regulated in 
a measure by tlie strength of the current. In using a strong 
cun-ent, a short sitting, while with a mild current a longer sit- 
ting may be allowed. It must be distinctly understood, how- 
ever, that strength of current and length of ttie siance are by 
no means convertible terms, 

Tliese limitations of action of electricity, both as relating 
to strengtli of current and length of sitting, are more particu- 
larly applicable when this agent is employed for brain and nerv- 
ous diseases, "When it comes to the use of electricity in other 
portions of the body, e8i»ecially wliere definite results are looked 
for, as in electrolysis of uterine fibroids or other morbid growths, 
much stronger curreuts arc requii'ed to produce results witliin a 
reasonable time. 

Faradic Electricity. — The constmction of the faradic ma- 
chine (induction coil) is given in detail in the first part of this 
work, and special apparatuses for physicians' use are described and 
illustrated in Chapter III, Part II. The faradic current has a 
strongly-marked effect upon muscular contractility, sensjition, 
vasomotor conditions, and, either directly or indirectly, upon nu- 
trition. It sometimes causes or promotes absorption of eft'used 
products, but its effects in these uistances seem to depend u]K>n 
a molecuhir disan-angement of the parts acted upon, and proba- 
bly upon stimulation of the blood and lymph-vascular system, 
rather tliau uiKiu any electrolytic effects, although some recent 
autliors are fain to attribute a mild electrolytic effect to tlie 
faradic as well as to the galvanic current. 

General Faradization. — ^The method of general faradization 
is practically the same as tliaf for general galvanization. One 
pole of the battery is connected with a plate placed under the 
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feet or buttocks, and the other pole, armed with a large sponge 
electrode (or tlie liand of the operator may be used, as in gen- 
eral galvanization), is applied to the head, neck, spine, upper 
extremity, trunk, etc. The strength of the cun'ent can be regu- 
lated by moving the outer coil over the inner one, aided by a 
water rheostat in the circuit. As already shown (page 190), 
the current strength of a faradic machine cannot be exactly 
measured. The sensations or motor effects of the current must 
be the guide, and the coil distance will give sufficient data for 
record. It must not be forgotten that when the primary current 
is used the least current is obtained with the coils completely 
covering each other, and that the least current of the secondary 
coil is obtained when the outer coil is drawn out to its fullest 
extent, completely uncovering the inner coil. 

Local Faradization, — The faradic current is employed for 
the purpose of stimulating the skin and deeper structures. For 
cutaneous stimulation the bruwsh-electrode (Fig. 199, page 238) 
is useful. To stimulate muscular contraction or modify nutrition 
in visceral organs, large metal electrodes, covered with absorbent 
cotton or sponge, are employed. Muscles can be stimulated 
through the nerves or directly through the muscular substance, 
if this has not undergone degeneration. (See page 203.) Mus- 
cular contraction can also be induced reflexly by cutaneous irri- 
tation of sensory ner^^s. This is also often effectual in disorders 
of the deeper-seated organs. In these cases faradism acts as a 
revulsive agent, producing hyperaemia of the skin and generally 
increased force of circulation, and tlius relieving congestion of 
internal organs. In certain chronic hyperoemic conditions of 
the brain and spinal cord this method of counter-irritation with 
the faradic brush has given excellent results. Some electro- 
therapeutists limit the area of skin thus stimulated to a space of 
a few centimetres square, while others pass the brush over a 
larger surface. As a rule, the faradic brash increases cuta- 
neous sensibility, while the use of large moist electrodes 
diminishes sensibility and relieves pain. In the treatment of 
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Tiiesthetic conditions, therefore, the brush-electrode should be 

■ employed, and for the relief of hj-perEesthesia and neuralgia the 
ige or cotton-t'overed electrode should come into play. 

A method frequently giving good results in painful affec- 
tions is that of " swelling faradic currents," introduced by Fromm- 
hold. The electrodes, well moistened, arc applied stabile, and 
then the cuiTent is gradually increased, kept at its maximum for 
a few minutes, and then gradually decreased to zero again. Tliis 
may be conveniently indicated by the symbol, Far. ■< >. 

Galvano-faradization. — Beard & Rockwell, De \A"attevilIe. 
Stein, and others have employed the two currents in combina- 
tion and have claimed special success with this method. The 
observations on record are not yet sufficient in number to enable 
us to draw definite conclusions, but the results obtained are 

I premising. By means of a switch both currents are combined 
in tlie conducting cords, or, in some instances, in special elec- 
trodes devised for the pui'pose. 
The combined currents are especially indicated in chronic, 
rheumatic swelling of the joints, with pain, atropine paralysis, 
etc. 
Eleciro-massage, by means of a roUer-electrode (Fig. 206, 
page 239), has been used with success where a combination 
of electricity with the mechanical effects of massage is desirable. 
Clironic rheumatic joint affections and chronic inflammatory 
infiltrations would seem to be the best indications for tliis 
I method. Either or both currents may be employed. 

Frequency of Sittings. — This depends upon the individual 
lease and the nature of the disease. In the majority of cases, 

■ daily or semi-weekly sittings are most customary. In i«iinful 

■ diseases — neuralgia, acute articular rheumatism, myalgia, etc, — 
I it may be advisable to repeat the sittings several times a day. 
Iln cases of electrolysis of uterine fibroids or urethral strictures 
I sittings once a week will usually give satisfactorj' results. 
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GALVANO-CArTERT. 

The galvano-cautery lias decided advmttages over the \ 
and cutting or cnishiiig instruments, as well as over other fon 
of cautery in practical surgical work. In the first place, by i 
use liJEniorrliage i? avoided in parts where vessels may not easil4 
be controlled by ligature or pressure. It has the advanti 
over the ecmseur and snare in not tearing or pulling the tissual 
separated. It leaves a clean, aseptic surface whicti usually hea] 
readily under the thin, dry plate of rharred tissue left bj- tl« 
hot wire or knife. Its action can be limited as strictly as the 
knife or scissors, and the wire loop or burner can be applied 
cold to the part to be oiierated upon and heated when in siti 
thus giving it a great advantage over the thermo-cjiutery 
operations about tlie nose, throat, vagina, or rectum. It )ia 
the further advantage over the thermo-cautcry that it radiat< 
less heat (on account of the thinness of tlie heated metal), 
operations about the eyes and in the nasal, oral, and vaifina 
cavities this is a vei'v importjuit point. It is the only caiiten 
that can be used in the larynx, naso-pharyux, and urethi-a. 

The objections to the galvano-canteiy have been alread 
pointed out (pp. 240, 241); but recent improvements in sturag 
batteries and dynamo machines have removed many of the diffi 
culties nhich surgeons had formerly to contend against whei 
using the galvano-cautery. 

Galvano-causty is applicable for the cauterization of th 
surface and borders of indolent or infective ulcers (tubercxdoi 
diphtheritic); the destruction oi superficial new formations, a 
epithelioma, lupus, syphilis, ntevi, etc.; the removal of sroa] 
growths, as fibromata; the destruction of angiomata; the ampu- 
tation of diseased or hypcrtrophied organs, as the cervix uterij 
clitoris, labia (elephantiasis), penis, tongue, etc.; openini 
abscesses, boils, or carbuncles ; stimulating healthy granulation 
in fistulous tracts, or dividing tlie bridge of tissue lR>twecn i 
fistula and the surface; removing intra-laryngeal, intra-pliani] 



GALVANO-CAUTERT ; STATIC INSULATION. 



267 



goaljntra-nasal, and intra-uterme growths; cautcmiiig expuscd 
and painful ncivos, aa iu carious tectli; in short, wherever the 
hot iron can be used to advantage over tlie kuife, the gaivano- 
cautery sliould be emplojcd. 

STATIC ELECTRICITY. 

The description of tlie static machine has been given in 
earlier chapters. The methods of using this ibrm of electricity 
require, however, some further amplification. 

Kmnldiiiization, under wliich terra we understjind the thera- 
peutic application of static electricity, is employed by the follow- 
ing methods: — 

Static insulation, or static charge: the indirect and direct 
spark; static sliock, static breeze, and static induced cun^ent. 




Pio. 210.— Static Ikhulatiow, 

Static Insulation. — The patient is placed upon tlie insulated 
platform, and his body, or the stool upon which he sits, con- 
nected with tlie machine hy a chain. The chain must not touch 
the floor. The other pole of the macliine is tlien grounded by 
attaching the chain to the gas or water fixture, or simply allowing 
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tlic free end to rest upon tlie nncarpeted floor. The poles of 
the machine are now sepamted and the machine put in ra^rid 
motion. The jmtient becomes "charged" with static electricity* 
which escapes as he leaves the insulated platiorm and approaches 
his liiigcr-tips to other persons or some article of furniture, or 
the door. Fig. 216 shows the method of performing this 
insulation. 

Indirect and Direct SpaHr. — If tlie patient remains seated 
upon the platiorm charged as bofoi-e, and a meUil-ball electrode 



.— Thb Dibcct Spahk. 



attached to a chain is connected with the gas or water fixture, 
eparks will be drawn from that part of the body to "hich the . 
ball is approached. This is termed the " indirect spark." The j 
"dii^ect spark" is produced by connecting the electrode directly I 
to the grounding-rhain, so as to place the patient in a short ■ 
circuit, as shown in Fig. 217. I 

Static Shock. — If two Jjcyden jars, joined by a bmss rod, i 
be suspended from the condnctois and connected, one with the 
platform and one with the ball-electrode, shorks are g^ven at the 
approach of the electrode to the patient's body (Fig. 218). 
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These spark applications are more or less painful, and 
sliould be used with great care. They are a powerful means of 
excitation of tlic skin as well as of the deeper oi-gans. 

Static Breeze. — If, instead of a ball-clcctrodc, a pointed 
electrode of metal or wood is used, a sensation resembling a cur- 
rent of wind is caused. This is known as the electrical wind, 
spray, or breeze. "When it is desired to fipply this breeze to the 
head, a cap-shaped electrode, called an umbrella-electrode, is sus- 
pended at some distance above the patient's head (Fig. 219). 




Static Induced Current — To produce the static induced cur- 
rent, a pair of sponge electrodes are connected with a couple 
of Leydon jars, susiiended from the poles of the machine. In 
using this the poles should be closely approximated before ap- 
plying tlie electrodes to the body. (See Fig. 2'20.) By this 
means a current of electricity ciin be sent through a nerve with 
a static macliine, the static discharge being converted into a 
dynamic discharge or ciu-rcnt of high electro-motive force. 

All electrode suitable for the application of this statin in- 
duced current is that devised by Dr. AV. J. Morton, of New 
York, and termed the " pistol-electrode." It is shown in Fig. 
221. 
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A great advantage of the static over other forms of elec- 
tricity is that it can be applied through tlie clothing. As shown 
in tilt! illustmtious, sparks and sprays can be dmwu from the 
patitnit through the clothing without producing any iDJurj of 
the latter. 

The effects of franklinization vary with the method of ap- 
plication and the iwrtion of the surface to which it is applied. 
The gmdatiun of effect is somewhat as follows; Static insula- 
tion is mildest in its effects, tlie electric breeze more decided, 
and the electric spark or static shock tlie most severe. Physi- 
ological effects ol' static electricity are, uicrease of tempera- 
ture, heightened blood-pressure, more rapid circulation, mcrcase 
of perj-pimtory and otlier secretions, restoration of depressed or 




suppressed fnnrtions (apixitite. menstruation). The points of 
discharge of sparks (on the skin) become pale and bloodless, 
soon followed, however, by hyperemia. Wheals are not infre- 
quently the result of drawing sparks from the body. Certain 
specific effects are produced upon the nerves of special sense; 
flashes when sparks are drawn from the ophthalmic region, and 
a vibration or hammering in the ears when apphed near the 
ear. 

Some of the best therapeutic effects of franklinization are 
produced in the general neuroses — hysteria, neurasthenia, in- 
somnia, chorea, headache, etc. In all forms of neumlgia, rheu- 
matism, spasmodic affections, and hypertesthesias the electric 
breeze is indicated. In ansesthesias, paralyses, morbid growths, 
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and other conditions requiring a vigorous agitation, the direct or 
indirect spark and static induction are strongly indicated. 

Magneto-therapy. — The medical world had almost or quite 
forgotten the excitement caused by the performances of Mesmer 
and his followers and imitators, wlien it was somewhat startled 
ten or twelve years ago by tlie rapidly-following announcements 
in scientific medical journals of Burcq, Charcot, Westphal, Oni- 
mus, Vigouroux, llosenthal, and others, that the external appli- 
cation of various metiils or of permanent magnets was capable 
of producing decided therapeutic effects. It is true that these 
effects were produced principally in hysterical or otherwise neu- 
rotic subjects, but the fact of their occurrence has an undoubted 
interest and possibly a practical value to the electro-therapeutist 
It was found, for example, that laying plates of gold or other 
metal (coins, for example) upon the insensitive skin, in cases of 
hysterical hemianaesthcsia, was soon followed (in ten to twenty 
minutes) by a return of sensation on the anaesthetic side. Tlie 
first sensations were those of formication, tingling, and a sensa- 
tion of warmth, gmdually followed by a return of the normal 
sensibility. Coincident with this return of the sensibility on 
the affected side there was a transference of the anaesthesia to 
the primarily healthy side. After a time the anaesthesia returned 
to the primarily affected side, but could again be transferred on 
re-application of the metal plates. 

These phenomena were subjected to a searching investiga- 
tion by a commission of the French Societe de Biologic, consist- 
ing of Charcot, Jjuys, and Dumontpallier, and confirmed on 
numerous individuals. Various theories were propounded to 
account for the effects produced, but none of them explain the 
phenomena satisfactorily. It was found that magnets, whei\ 
approached to the skin, produced similar effects, and that hy- 
peraesthesia and pain could likewise be transfen'ed from one side 
of the body to the other. 

In pursuing these investigations certain clinical results of 
importance were obtained. Migraine and other forms of neu- 
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ralgia, hysterical contractures^ "spinal irritation," insomnia, 
chorea major, etc., have been treated with success by the appli- 
cation of the poles of a magnet wrapped in a cloth to the 
affected side. When the pain moves to the opposite side the 
magnet is also moved to that side, alternately following the pain 
until the latter gradually disappears. The manner in wliich the 
magnet can produce these effects is at present totally inexplic- 
able, but, as the clinical results are vouched for by such excellent 
observers as Charcot, Vigouroux, Rosenthal, and Benedikt, fur- 
ther experimentation in this line seems indicated. 

In the following pages it will frequently be noticed that 
diverse and apparently contradictory methods followed by differ- 
ent observers have yielded successful results. Some skeptics 
have cited this as an evidence that electricity is of little use in 
medicine because an agent that gives like results whether prop- 
erly or improperly used can have little therapeutic value. Such 
a conclusion would be highly irrational. The fact is that our 
knowledge of the actions of most therapeutic agents is extremely 
deficient, and yet few would be wiUing to practice medicine 
without making use of the remedies whose actions we so Uttle 
understand. 

Every one owes it to his art to place his honest observations 
on record, and in course of time trustworthy conclusions may be 
reached respecting the therapeutic appUcations of electricity as 
in other tilings. 
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CHAPTER 11. 

Special ELECTRo-THERAPEtrrics. 

DISEASES OF THE NERVOUS SYSTEM. 

Diseases of the Brain. — In the electrical treatment of dis- 
easrs of the brain tliis agent may be employed in the various 
forms of galvanism, faradism, galvano-faradism ,, franklinism, or 
even magneto-therapy, which may be looked u[K)n as one 
method of employing electrical force. 

The objects aimed at in bmin electrization are modification 
of the vascular supply in the bmin, electrolytic and trophic 
effects, as well as functional exaltation or depression. 

In using galvanism the various metliods of longitudinal, 
transverse, or diagonal brain galvanization may be employed. 
According to Lbwenleld tlie anode produces hypcraemia and the 
cathode antcmia of tlie side or section of the brain to which they 
are respectively applied. The statements of Lowenfeld are not 
generally accepted, however. Neftel has devised a method of 
labile brain galvanization which appears to have some advan- 
tages. The cathode is applied stabile to the back of the neck, 
and the anode jmssed slowly o\'er the foi-ehead, eyes, temple, 
auriculo-mastoid fossa to the mastoid region, and then back to 
the forehead. If required the same procc'diue may be repeated 
on the opjMJsite side of the head. Galvanization of the medulla — 
one electrode to the oecipito-vertebral joint and the other to the 
sternum or throat — and subanral galvanization may also be used. 
Central and general galvanization are occasionally of value. 
The rule should be large electrodes, weak currents (t^ to ■j'g), 
and short sittings (one to two minutes). 
^ Faradism may be employed in the form of general faradi- 

H zation when the current can be well controlled by the hand as 
ft (27S) 
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one electrode. Peripheral faradization to produce reflex effects 
upon the intm-cranial circulation is effective. The method of 
Rumpf, where a large surface of the skin is stimulated, or that 
of Vulpian, where a very small area is subjected to the action 
of the faradic brush, are both valuable for their influence upon 
the action and nutrition of the brain. 

Peripheral paralyses, spasms, contractures, and paraesthesias 
dependent upon brain-lesions are to be subjected to local 
electro-therapeutical measures in accordance with general prin- 
ciples. The etiological factors of bmin disease are to be re- 
moved, if possible, and when lesions are present that are attrib- 
utable to morbid processes accessible to medical and surgical 
measures the latter are also to be employed. Thus, syphilitic and 
other morbid growths, toxic factors, etc., require the appropriate 
treatment for these conditions. 

Should the case, instead of improving under electricity, get 
worse, it is not to be concluded that the remedy is necessarily 
contra-indicated. Its method of application may require modi- 
fication ; the current may be too strong, or the sittings too long 
continued. If the galvanic cathode produces too much reaction 
the anode may be tried, or the faradic induced current may be 
substituted ; or in place of either of these forms static electricity 
or magneto-tlierapy may be employed. 

The experience of various observers in the various diseases 
of the brain is given without comment. The writer does not 
venture to indicate which is the best method. 

AncBmia. — Longitudinal brain galvanization, with anode 
over the medulla oblongata (vasomotor centre). Eulenburg 
advises faradization of the plirenic nerves and of the soles of 
the feet. 

Hyperasmia. — Dry faradic brush, according to the method 
of Vulpian and Grasset : Strong current to a small area of the 
skin. The extensor surface of the forearm is recornmeuded bv 
these observers. Rumpf employs tlie brush over a larger sur- 
face, stimulating the skin of the chest, the back, and the upper 
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extremity. Faradism to the abdomen ciiuscs rapid ccrcbial 
anEemiti, sometimes so marked as to produce fainting, 

Siibaural galvanization, as well as longitudinal brain gal- 
v.inization, cathode to vasomotor centre, may also be tried. 

Cerebral HcBmorrhage. — In cases of apoplexy the electrical 
treatment bus ni'ten a good etlect npon the pamlyses of sensation 
and motion and tlie drim'ssed circulation and nutrition of the 
jiaralyzed muscles. Wlule no one will claim that brain-tissue 
destroyed by an effusion of blood can be restored, eitlier by 
electricity or any otlier measure at our command, it is probable 
that tlie absorption of the effused blood can be hastened by tlie 
appropriate use of tlie galvanic current. There can be no doubt, 
also, tliat the reflex effects of peripheral faradic stimulation 
tend to promote the restoration of impaired cerebral functions. 
Finally, the direct trophic effects of galvanism, faradism, and 
static electricity upon the peripheral organs (paralyses, hyper- 
eesthesias, anaesthesias) arc generally acknowledged, 

Tlie electrical treatment of cerebral apoplexy should be 
begun early. If possible, the application of the galvanic cur- 
rent, by longitudinal, transverse, or diagonal brain galvanization, 
in order to secure the electrolytic ax^tion, should be begun not 
later than the second week after the occurrence of the lesion. 
Caution should, of course, be observed that the current used bo 
sufficiently weak, and increased and decreased veiy gradually 
so as to avoid sudden shock. The rule laid down by Erb, to 
pass the cnrrent in the most direct Ime through tlie seat of the 
lesion, should he observed. 

In addition to direct galvanization, snbanral and spinal 
galvanization sliould be employed for their general effects. 
Paralyses of muscles are to lie treated in accordanre with the 
details laid down in the section on Paralysis. The faradic brush 
will often awaken dormant cerebral faculties, restore sensation 
to antesthetic areas, and, by stimulating the circulation, improve 
the nutrition of paralyzed muscles. Energetic neuro-muscular 
feradization has similar effects. 
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Chronic Meningeal Inflammations, Hydrocephalus, and Sckrotk 

Plaques are treated by brain galvanization for the electrolytic 
effects; and siibanral and spinal galvanization for their influence 
upon the general nutrition of the jmtient. 

Cerebral Syphilis requires primarily antisyphilitic treat- 
ment, and, secondarily, the effects of electricity in promoting 
restoration of suspended functions (aphasia, paralysis, anaes- 
thesia, contractures, etc.), or to remove troublesome symptoms 
(headache, insomnia, etc.). 

DISEASES OF THE MEDULLA OBLONGATA. 

Chronic Bulbar Paralysis. — Although this affection tends 
uniformly to a fatal termination, the testimony of the most 
experienced electro-therai)eutists — ^Benedikt, Erb, Bernhardt, 
and Lewandowski among others — is that persistent and rational 
electrical treatment may temporarily arrest its progress, or, at 
all events, relieve troublesome symptoms. The methods are 
transverse galvanization of the medulla (one electrode over each 
mastoid process, using two to six milliampfires of current 
for one to two minutes), subaural and spinal galvanization, in- 
termittent galvanization or famdization of the paralyzed muscles, 
forced deglutition by applying one pole to the nape of the neck 
and the other over the larynx and reversing the current. Fara- 
dization of phrenic nerves in cases of paralysis of the diaphragm 
may be used. 

PSYCHOSES. 

Arndt has clearly indicated tlio details governing the elec- 
trical treatment of psychical disturbances. Most of the more 
recent workers in this department liave followed on the lines 
laid down by this distinguished alienist. The conclusions of 
Anidt may be summarized as follows : — 

Functional psychoses are curable by electricity. Organic 
brain diseases ac(!ompanied by psychical disturbances may be 
improved hi certain symptoms, but not cured. 



PSYCHOSES. 279 

Early resort to this treatment, especially in mild cases, gives 
fair promise of success. 

Tlie faradic current is useful in either primary or secondary 
conditions of depression. Its action is that of a general stimu- 
lant. The galvanic current is indicated in all other psychoses in 
which electricity is applicable. Its electrolytic, vasomotor, and 
trophic effects are here made available to modify the circulation 
and nutrition in the brain, allay excitement, and improve the 
general condition of the patient. 

The electrical treatment of psychical disturbances naturally 
resolves itself into the treatment of special symptoms. The 
methods used with success by Arndt, Tigges, Schiile, and others 
are those already indicated as useful in diseases of the brain. 
They may conveniently be arranged in tabular form with the 
symptoms for which they are most appropriate : — 

Symptoms. Methods of Electrization, 

r Galvanization of the brain and medulla ; 
Insomnia,. . . . . . -{ general faradization; subaural and spinal 

I galvanization ; static electricity. 



Melancholy, Hypochon- 
dria, Stupor, .... 



Brain, subaural, and spinal galvanization ; 
central galvanization ; general faradization 
and localized applications of the faradic 
brush (method of Vulpian); static electricit}'. 



Katatonia, Headache, j Brain and spinal galvanization; general 
Precordial Pressure, . )" faradization ; faradization of phrenic nerve. 

Hysterical and Reflex^ ^ , . . « , , . , « 

r. ,> Galvanization of the brain ; general fara- 

PSYCHOSIS, BeOINNING ,. ^. , , .1^*11 

n y dization ; subaural, spinal, and centml gal- 

kStagesof Progressive i . . ' . , . . . 

,. vanization ; static electricity. 

Paralysis, .... J ' "^ 

Hallucinations of Sight » Localized galvanization, with anode to 
AND Hearing, . . . ) affected organ. 

GENERAL NEUROSES. 

Neurasthenia. — Static electricity, especially the static charge, 
is indicated in this condition. Geneml faradization, especially 
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the famdic bnish in cases with much depression, and central, 
sutmiiml, spinal, and brain galvanization, and electric baths in 
conditions of excitement or irritabUity. In spinal netirastheiila 
or " spinal irritation " galvanization with the anode to the paiw 
ful points, local franklinization (static breeze), and the litnidi 
brusli have been successfnl. Sexual neurasthenia requires, i 
addition to appropriate moral treatment, faradic baths ; spinal^ 
subaiu'al, and vagus galvanization, galvano-faradization, ani 
electro-massage. 

Hypochondria. — General faradization and faradic baths, statu 
insulation, and faradic brush over the chest and the uppef 
extremities are the indicated measures. .Special symptoms, 
constipation, insomnia, and sexual disturbances, should receiv) 
appvojiriate attention. 

Hysteria. — General faradization, general and central gai 
vanization, faradic baths, and brain, subaumi, and spinal galv^ 
uization are indicated. The static breeze is also employed nitb 
success. Anode application to painful ])oints along the spina 
has a favorable influence upon the general condition. 

It is important, as pointed out by Erb, to gain the confi- 
dence of the patient, otherwise the treatment is likely to fait 
"Weak currents and short sittings should be the rule. 

The psychical element in all cases of liy.steria renders it ex- 
tremely difficult to determine how much pf the effect of treat 
ment, if any, is to be attributed to the electricity and how much 
to the influence exerted upon the imagination. Ultimately thia 
makes really very little difference, as most other remedies used 
against this disease are open to the same criticism. 

The special or local manifestations of hysteria usually rieli 
more easily to electricity than does the general hysterical condi- 
tion. In ovaralgia. Hoist has recently indicated a method which 
has been successful. Tlie anode is placed over the spine and 
the cathode over the painl'ul ovaiy. The faradic current may 
be used in like manner. 

Other painful points occurring in hysteria (hysten^^nic 
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©ints of Richter) may be treated with either current. Thrse 
Fpointg are found most frequently alon^ tlie dorsal spine, in the 
lell hypochondriac and infm-raammary regions, and at spots on 
the front of the abdomen. 

Hysterical paralyses must be treated in accordance with 
tlie usual methods in these affections, (See page 293 et seq.) 
Hysterical aphonia often yield.s with the greatest promptness to 
ti-ansverse faradization of the larjTix (percutaneous), or by one 
electrode being introduced into the pharynx and the other applied 
over the thyroid cartilage. Transverse brain galvanization has 
been found effectual in hysterical aphonia by Emminghaus. 

AuiEsthesia and hemianEesthesia yield to the faradic brush 
(by \'ulpian'8 method), static breeze, and occasionally to magneto- 
therapy. 

Hysterical vomiting may be treated byappljing the faradic 
brush to the pit of the stomach. Constipation and tympanites 
(phantom tumor) are sometimes relieved by energetic faradization 
of tlie abdomen as well as by static electricity. 

Spasms and contractures may be treated with either current, 
or with static electricity, but tlie successes are not verj' numerous, 
Hystero-epileptic attacks can sometimes be broken up by a strong 
galvanic or famdic current. 

Epilepsy. — Erb, in whose opinion the changes upon which 
epilepsy depends are located in the cortical area of the brain, 
advocates diagonal, followed by longitudinal, brain galvanization 
to affect the supirosed lesion directly; then subaural and spinal 
galvanization limited to the cervical region, and general faradi- 
zation for their reflex and generally stimulant effects. He 
claims to have had favorable results with this course continued 
for a long time between the attacks, and in combination with 
the usual medicinal and hygienic remedies. 

Exophthalmic Goitre. — This curious disease is now generally 
, considered as a neurosis. Of the characteristic symptoms, exces- 
■nve frequency of the pulse, enlargement of the thjToid gland, 
nd promuience of the eyeballs, the two former are distinctly 
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influenced by electrical treatment. Clivostek, Snlenbuig, and 
oth(»rs have reported cases in which very IkvomUe results were 
obtained. The pulse is often greatly lessened in fr€?quency, 
being reduced ten to twenty beats |)er minute. This effect is 
not jiermanent, but on frequent repetition of the sittings some 
durable effects are often obtained. Erb recommends spinal 
galvanization, tmnsverse and diagonal brain galvanization to 
affect the medulla oblongata, subauml and vagus galvanization. 
To modify the exophthalmos, one pole is placed over the closed 
eye and the other in the auriculo-maxillary fossa, or the current 
is passed transversely through the orbits. General faradization 
and electric baths have also been used. 

Rockwell, in addition to methods above mentioned, advises 
the application of the cathode to the sternum, and anode over 
the solar plexus. Faradization of the sympathetic has been 
successfully employed by Katyschew. The enlarged tliyroid is 
treated by tmnsverse galvanization, or by applying one electrode, 
prefembly the cathode, over the gland, and the other in the 
auriculo-maxillary angle. Transverse galvanization or faradiza- 
tion of the heart (from sternum to spine) is also used to reduce 
the rapidity of the pulse. The faradic brush over the cardiac 
region is also recommended. Weak currents (iV^^V) ^^^ 
short sittings should be the rule. Many sittings — ^Erb says 
thirty to one hundred — are required to produce good effects. 

Chorea. — Bniin, subaural, spinal, and central galvanization, 
general faradization, and local static applications have been used 
with success. Most authorities recommend weak currents, but 
M. Clever and Leuhe use strong interrupted currents. 

Athetosis. — When idiopathic, brain, subaumU and central 
galvanization, and currents from spinal cord to peripheral 
muscles are indicated. 

Vertigo. — Galvanization and famdiz^tion of the brain, and 
famdic brush to trunk and upper extremities may be tried. If 
there is a tendency to one-sided vertigo the cathode should be 
applied to that side of the head toward which the patient falls. 



GENERAL NEUROSES. 383 

Tremor. — General faradization and electric baths; central 
galvanization; local faradization of the trembling Umbs. The 
results are very uncertain. In paralysis agitans no permanent 
good results have been obtained. Electric baths have been 
found useful by Eulenburg. Static charge and sparks have 
been used by Charcot. Transverse brain galvanization has also 
been recommended. 

Tetanus. — The at present accepted pathology of tetanus 
as an infectious disease would seem to preclude the hope of 
obtaining any good rcsults from the electric current, but some 
observations on recor4 indicate that spinal galvanization with 
galvanization of the peripheral muscles has a qiiieting effect 
upon the spasms. Mendel has reported success in two cases. 

Tetany. — In this disease there is increase of electrical 
iiTitability. The treatment indicated is galvanization of the 
spine and peripheral nerve-trunks: The anode to the spine has 
given good results during the attacks (Erb, Eisenlohr). Careful 
faradization of the spine with large, moist electrodes may also 
be useful. 

Writers', Telegraphers', and Piano-players' Cramp, and Other 
Forms of Co-ordination Neuroses. — ^Erb has laid down the rule 
that in these cases the entire ceiebro^inal nervous system 
from centre to periphery should be subjected to systematic 
electrization. First, there should be bndn, subaural, and spinal 
galvanization ; then galvanization of the peripheral nerves and 
muscles. Faradization of the affected muscles should also 
be resorted to. All electrical treatment should be combined 
with massage and rest of the overtaxed muscles. 

DISEASES OF THE SPINAL CORD AND ITS MEMBRANES. 

The agreement is general among neurologists that the 
electrical treatment of diseases of the spinal cord offers more 
pros^x^ct of cure, or at least of relief of symptoms, than any 
other method of treatment at our command. It must be 
admitted that success with this therapeutic measure is far from 
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constant, but without it we are nearly pow^erless against most 
of the gnive affections that attack this important organ. 

Tlic methods in most genenil use are longitudinal and 
transverse galvanization of tlie spine, subaural galvanization, 
tlu? faradic brush, and static electricitv in its various methods of 
appHcation. Sittings should not last over three minutes, and 
in direct galvanization of the cord currents of -^ to ^ should 
not be used unless in exceptional cases, when voltaic alternative! 
may also be employed. In tlie " system diseases " of the cori 
posterior and lateral scleroses, and in multiple sclerosis, in whicl 
the cord is diseased for a considerable portion of its length, 
longitudinal galvanization (one electrode in the cervical regioa 
the other over the sacrum) is rationally indicated in order thai 
the current may tmverse the entire extent of the organ affected 
The two electrodes may be moved up and down alternately in 
order to get the lx?nefit of the polar effects of the current. 

When but a short segment of the spinal cord is involved 
in the disease, as in transverse myelitis, transverse galvanization 
would seem to be the better method. One electrode is applied 
over the spine and the other on the median line of the tnml 
in front. Here the poles may also be reversed with good 
effect. 

In certain cases of spinal disease there are painful pressun 
points over the spinous processes. These are treated by apply 
ing the anode stabile over the spot, the cathode being placed al 
an indifferent point. 

Chronic Spinal Meningitis and Pachymeningitis. — Afler the 
irritative symptoms have subsided, spinal galvanization for ib 
vasomotor and electrolytic effects is indicated. Atrophies and 
paralyses of muscles demand localized electrization. 

Meningeal Hcemorrhage. — Spinal galvanization, either longi- 
tudinal or transverse, to promote electrolysis and absorption of 
the effused blood. 

Spinal Congestion and Spinal Irritation. — These conditions 
must be treated cautiously with weak galvanic currents. The 
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faradic brush (Viilpian's method, i.e., stimulatiou of limitctl 
areas) and fumdic batlis are often lbllow(;d by very excelleot 
results. 

Spina/ Apoplexies and Injuries of the Cord. — Localized spinal 
galvanization, longitudinjil and transverse. 

Chronic Mye/itis. — Chronic inflammation of the spinal cord 
prosents itself in several forms, but the transverse and compres- 
sion myelitis, in consequence of vertebral caries, most frequently 
comes imder tlie care of tlie practitioner. In tiiese cases, direct 
galvanization, longitudinal and transverse, of the afl'ected por- 
tion of the cord, is the rationally indicated procedure. While 
the results are somewhat uncertain, many cases are decidedly 
improved, and some jwrmauently cured. It is evident that the 
only effect of the current to be striven after In these cases is the 
electrolytic or absorptive, and hence the application of famdism 
or static electricity cannot be expected to be of niucli benefit. 

Multiple and Lateral Scleroses. — In these, still rather obscure 
affections of the spinal cord, little permanent effect can be 
exjiected from electrical treatment, but Erb, 1£. Reniak, Midler, 
and others have reported successes which should stiraidate others 
to greater exertions. Spinal and subaural galvanization are 
indicated, and in raultiple sclerosis pe^-ipliend farado-cutaneous 
stimidatiou with the faradic brush are suggested by E. Ilcmak 
and Rumpf In lateral sclerosis (sjiastic spinal jmralysis), lara- 
dism should be avoided. 

Locomotor Ataxia (Tabes Dorsalis, Posterior Sclerosis). — The 
electrical treatment of this ]m'valent ami ^iJivo disease of the 
spinal cord gives excellent results when can-rully and properly 
carried out. Benedikt, von Krafft-Ebing, R. and E. Ilcmak, 
Erb, M. Meyer, Rosenthal, Rumpf, Seeligra iillcr. I^ewandowski, 
and numerous others report, not only relief from troublesome 
symptoms, but positive and complete cures. Rumpf reports, 
among twenty-four cases, four completely cured, ten greatly 
improved, and only one unimproved. Lewandowslci, one hnn- 
drcd and twenty cases, twelve (10 per cent.) cured, 80 per cent. 
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improved in one or more of the impaired functions. Hi 
improvement continued for several months or years. 

Tlie methods used are: Spinal galvanization, with gelxi 
nization or faradization of the peripheral nerves. Subaun 
galvanization, and static electricity to the spine. Painful poini 
are treated by placing the cathode over the painful area, and th 
anode over the corresponding nerve-root. Lancinating paii 
and the girdle symptom are treated in the same manner. Kump 
laiids highly the application of the dry faradic brush to tl 
trunk and extremities for ten-minute sittings daily, or every oihe 
day. The static spark is higlily recommended in the lightuin 
pains by Ranney. Swelling faradic currents (Far. < >) are als 
useful in the same symptoms. Symptoms referable to the eye 
ears, extremities, bladder, etc., are to be treated by localize 
electrization according to the methods described in their appn 
priate places in tliis work. 

Poliomyelitis, — Tlie sufferers from the various diseases dw 
to lesions of tlie anterior columns of the spinal cord, such fl 
acute infantile paralysis, atrophic spinal paralysis, and progressiT 
muscular atrophy, are not particularly lavoiuble subjects fc 
electrical treatment, but cases of improvement, and even of cun 
have been rejiorted. It is desirable to continue studying th 
effects of this agent upon this very grave class of cases. Electn 
massage and galvano-faradization are to be added to the method 
above recommended for other diseases of the cord. 

DISTURBANCES OF SENSATION. 

Neuralgia. — Erb defines neuralgia as consisting of *' pair 
of f2:reat intensity and peculiar quality, which arise S|)ontan( 
ously, are restricted to one or more areas of nerve-distributioi 
ar(» felt over the entire area of distribution of the affected nervi 
and manifest distinct exacerbations, remissions, or even intei 
missions.'* 

The causes of neuralii^ia should always be sought afte 
bclbre beginning treatment. Traumatic, neurotic, rheumaUi 
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fflex, and toxic causes can generally be made out. Treatment 
I usually more effective if tlie etiology of the affection is clear. 

The indications for the electrical treatment of netimlgia are: 
1. To bring into action the electrolytic, vasomotor, and trophic 
effects of the current by the application of both poles over the 
seat of the lesion (if this is known). 2. The calmative effect: 
anode over painful spots, and cathode over the [joint of origin 
of the nerve or the plexus. The reverse ])osition of the poles is 
probably equally or more successfid. 3. To obliterate the painful 
sensation by a momentar)' greater impression (reflex action). 

The anode treatment of paini'\il spots (Valleix's points) is 
often followed by complete cessation of the neuralgia. Sittings 
may require to be prolonged for ten minutes, although three to 
iive minutes are usually sufficient. The electrodes should be 
large, well-moistened, and firmly fixed to tlie part in order not 
to vary the resistance until cessation of the pain. The current 
slioukl then be gradually diminished to zero, m order to avoid 
the shock of a closing contraction when the electrodes are 
removed. 

At times the reverse method must be adopted, and the 
cathode applied to tlie painful points, or directly to the painfiU 
area, V. A. may be used. Faradization oi' the ner^■e ivith a 
large, moist electrode, or the faradic brush according to Ruinpf 's 
method are useful. Local static electricity has favorable results 
to its .credit, while constant, weak currents, galvano-puncture 
with the cathode, and the cathodic application to the skin with 
a metallic plate may occasionally lead to success. 

In general neuroses accomi>anied by neuralgia, general and 
central galvanization and faradization, electrical baths, braui and 
subaural galvanization are all useful. 

The cataphoric employment of the current with cocaine, 
aconite, and chloroform has been used to relieve ]>ain in neuralgia. 

Special neuralgias require more specific directions for 
treatment. 

Trifacial Neuralgia (Tic Douloureux). — The anode application 
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. to the painful points should be first tried. If this fails, t 

anode may be appHcd to the back of the neck, and the catho 

over the painful area, or the point of eraergeiiee of tlie nerve 

branch from tlie bony canals. Swelling faradic currents may 

J? tried, or the faradic pencil to the iiecli. The static breeze I 

been found effectual in cases where other forms of electrit 
apphcation had failed. Severe cases of tic may be temporal 
improved by the electrical treatment, but permanent cures s 
rarely obtained. The reasons for this lack of success is that t 
lesion of the nerve is often located deeply in the bony cana 
where it is inaccessible to the electric current. In some oIk 
nate cases, where temporary relief follows the application, seve] 
sittings a day may prove beneficial. 

CemcO'Occipital Neuralgia. — The painful spots in this foi 
of neuralgia are found "(1) midway between the mastoid proa 
and the spine, at the point at which the great occipital ner 
becomes superficial; (2) over the branches of the cerric 
plexus between the sterno-mastoid and trapezius; and (3) ju 
above the parietal eminence, the focus common to occipital ai 
trigeminal neuralgia."* 

The nerve is accessible throughout nearly its entire exten 
Anode treatment of painful points may, if unsuccessful, 1 
varied with galvanization of the nerve, or faradization, eith( 
with moist electrodes or the faradic moxa. Static breeze directc 
to the neck for five minutes daily may also be tried. 

Migraine. — True hemicrania is not a favorable conditio 
for electrical treatment. Few successes are obtained either wit 
the galvanic or faradic current. 

Cervico-brachial Neuralgia. — Painful spots are found i 
the following localities: in the axilla (axillary), at the posteric 
border of the deltoid (circumflex), behind the elbow (sujieric 
ulnar), in front of tlie wrist (inferior ulnar), by the side of th 
inferior cervical spines (vert(»bral), at the inferior angle of th 
shoulder-blade (scapular), on the outer side of the arm, thrc 

*Gowcrs, Dis. of the Nervous System. Fliila.i 1S88. 
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iiiclios above tlie condyle (external humeral), and in the lower 
and outer part of the forearm (radial).* 

The galvanic current (anode to painful points), mcluding 
galvanization of the cervical spine, the brachial plexus, and the 
ner\ c-trunks. Faradization with moist electrodes, or the faradic 
brush. Very favorable results are often obtained. . 

DorsO'intercostal Neuralgia. — The etiology of dorso-inter- 
costal neuralgias is of considerable prognostic importance. In 
the rheumatic, neurotic or tmumatic forms, success is frequently 
and promptly obtained; but when the pain is due to vertebral 
caries, tumors, plithisis, or locomotor ataxia, little benefit can be 
hoped for from electrical treatment. The locations of the 
points douloureux are well known — by tlie sides of the verte- 
bra3, in the mid-axillary line, and near the middle line in front. 

The same methods of treatment as' are appropriate for 
other forms of neumlgia may be adopted: anode applications to 
painful points; faradization and galvano-faradization ; static 
breeze. The prognosis is most favorable in rheumatic cases. 

Lumbo - abdominal and Genito - crural Neuralgia. — " Foci 
of pain and tender points are found at the back beside the 
vertebrae, over the posterior brandies; at the middle of the 
ihac crest (iliac point); at the lower part of the rectus (hypo- 
gastric point); while sometimes there is in the male a scrotal nndi 
in the female a Jahial point,'^^ '\ 

The treatment must be conducted on the same principles: 
spinal galvanization; anode treatment of painful points with 
tlie cathode over the nerve-roots; or reversal of the poles. The 
static breeze has also been used with success, as has the faradic 
brush. 

Sciatica. — ^True neuralgia of the sciatic nerve is rare, the 
frequent pain along the course of this nerve being in nearly all 
cases neurotic. There is generally pain throughout the entire 
course of the nerve. 

The following painful spots are enumerated by Gowers : 

* Oowera, toe eit, t Oowers, loe. cit, 

19 
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"?t(7;j?>(7r, near tlic spine, just above the sacrum; sacro-Uiac, Bt 
the articuhition of the same name ; a gluteal^ opposite the mid- 
dle of the lower border of the gluteus; a series of spots, varyiug 
in exact position along the course of the nerve iii the posterior 
aspect of the thigh; vl peroneal^ behind the head of the fibula; 
a malleolar^ behind the lower extremity of the fibula, and an 
external plantar^ at the outer border of the foot." 

In recent cases, especially of the neurotic and rheumatic 
forms, electrical treatment is nearly always followed by success. 
The methods are: Stabile galvanization of the nerve by sections; 
anode application to painful pouits; faradization with wet elec- 
trodes and with the diy brush ; faradic moxa over the point of 
exit of the nerve; electro-puncture; static breeze and sparks, 
and strong labile galvanic currents. 

Articular Neuroses.— {See Diseases of Muscles and Joints,) 

ANAESTHESIA. 

The loss of function of the sensory nerves may be due to 
inflammation, compression, traumatism, or other interruption iu 
the transmissibility of sensory impressions. In the majority of 
cases it yields very promptly to the influence of the electric 
current. The methods of applying electricity in anaesthesia are: 
Galvanism of the brain and spinal cord, localized galvanization 
and faradization, — the latter, especially, by means of the faradic 
brush, according to the methods of Vulpian and of Rumpf. 
The galvanic brush, faradic moxa, static insulation, breeze, and 
sparks, and magneto-therapy, as well as in some cases galvano- 
faradiziition, are indicated. When the galvanic current is era- 
ployed the anode should be placed over tlie ner^'e-root, and the 
cathode to the anaesthetic area, for the indication is to produce 
excitation of the skin. 

Trigeminal AnoBsthesia. — Transverse brain galvanization; 
f^lvanization of the trunk and branches of the fifth nerve ; the 
faradic brush to the anaesthetic surface, or to a small area of the 
forearm, as indicated by Vulpian. 
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AncBsthesia of the Larynx and Pharynx. — The application 
of tlic faradic cuiTent by means of an intm-pliaryngeal insulated 
electrode is sometimes practiced, but percutaneous application 
seems to be etjually effective. Intermittent galvanization may 
al^o be employed. 

Hysterica/ Anwsthesia and Hemianwsthesia. — The method 
of Vulpian (dry faradic brush to a small area on the extensor 
surface of the forearm) gives good results. Central galvaniza- 
tion, and brain and spinal galvanization, should also be prac- 
ticed. If painful spots are found along the spine, or the ovaries 
are tender upon pressure, the anode application of the galvanic 
current should be employed. Where other means fail, the static 
breeze or sparks may be tried. 

HemiancBSthesia, due to central or toxic causes, verj'^ fre- 
quently yields promptly to the application of the faradic brush 
according to Vulpian's method. 

Tabetic Anwsthesia. — This is rarely permanently relieved. 
In addition to the farado-cutaneous brush (according to tlie 
metliods of either Vulpian or Rumpf) spinal galvanization should 
be employed. 

Traumatic AnoBsthesia of the Extremities. — Galvanization, 
interrupted and stabile, of the nerve-trunks and branches in- 
volved. Faradization with moist electrodes or the dry brush. 

SPASMS AND CONTRACTURES. 

Hyperkinetic conditions of nerves and muscles do not yield 
to electricity as do the analogous neuralgias. In some cases, 
however, tlie results of pei*sistent electrical treatment are bril- 
liant. In rheumatic contractures the electrolytic and trophic 
effects of the galvanic current should be sought. In spasms 
sucli as tic convulsif, blepharospasm, nictitation, etc., when not 
symptomatic of local inflammatory trouble, painful points along 
tlie course of the affected nerves should be subjected to the 
anode application. The current should be mild (-j^) and con- 
tinued for from three to five minutes daily. When the cause 
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of the spasms is centiic, brain mid subaiiral galvanization are 
indi(yited. 

In reflex apasms, the anode treatment of the reflex centn 
(medulla oblongata) may be siueessful. Swelling faradic cui» 
rent-i. and in some cases the famdic bnisli to the nape of th* 
neck as a counter-irritant, are sometimes employed. 

Spasms of the Face. — The muscles supplied by tlie motoi 
nerves of the faee are subject to spasmodic contraetious, varying 
in extent and due to a variety of causes. In masticatory or 
vocal spasm, tic convulsif, blepharospasm, si^sms of the eye- 
muscles, etc., wlien tlie cause is centric, brain, subauml. and 
spinal galvanization, followed by galvanization of the affected 
nerve-trunk, are indicated. 

Spasms of the Muscles Supplied by the Spinal Accessory 
Nerve. — Painful points ivhen present should be treated by tlie 
stabile anode application of the galvanic current. Galvaniza- 
tion of the brain, medidia oblongata, and cervical spine may also 
be employed. Galvanization and faradization of the affected 
muscles give excellent results in rheumatic torticollis. Swell- 
ing faradic applications rejieatcd se\"eral times a day are particu- 
larly successful in this common affection. The static breeze or 
spark (locally) is also a favorite method with some electro- 
tliC'ra]>outist3. 

Spasms of the Respiratory Muscles (Singultus. Sneezing. 
Coughing, Nervous Cough, etc.). — According to Erb. energetic 
faradization (dry brush) of the epigastrium is the best treat- 
ment. Galvanization of the phrenic nerves may also be used. 
In sneezing, galvanization of the nasal mucovis membmne, — 
by filling the nostrils with water and introducing one electrode, 
the other being placed over the back of the neck or applied to 
the sternum. In spasms of the laryngeal muscles, transverse 
faradization and galvanization of the lar)Tix are frequently 
beneficial. 

Spasms of the Upper and Lower Extremities. — These are 
often due to morbid conditions of the motor area of the brain. 
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various forms will be employed, and where the cause of the 
palsy is in tlie |>eripheral nerves these will be Bubjected to the 
infiiuMice of the galvanic current. In myopathic jxiLsies, like* 
wise, the stimulating influence of galvanism will be made use 
of. In addition to the galvanic cuiTent, famdism is also useful, 
es^x^cially in cases wliere tlie farado-muscular contractility is. 
preserved. The reflex eftect of cutaneous faradization with the 
dry brusli is likewise made available in the treatnaeiit of par- 
alyzed muscles. Static charge and s[mrks are recommended by 
some authorities. 

Before beginning the electrical tix*atment of a case of 
parfilysis, a positive diagnosis of the nature and seat of the 
lesion upon whicli tlie loss of motility depcMids is imperatively 
necessarv. Here electricitv comes in as an aid, for tlie reactions 
of the paralyz(Hl muscles to the ciuTcnt indicate the nature or 
seat of the lesion. For example, in central palsies, there is at 
first an increase of electrical irribibilitv which later becomes 
normal, but there is no reliction of degenemtion. The latter is^ 
however, an attendant upon i>aralyses of peripheral origin. 

In Part II, Chapter II, the cliaracteristics of the reaction of 
degeneration have been considcn-ed at some length. The phe- 
nomena of R. 1). are, however, so closely interwoven with the 
prognosis of certain paralyses that their clinical significance and 
relations to the gmvity of the case may be stated as follows: — 

^'1. Tlie faradic and galvanic irritiibility of the nerve and 
muscle (each examined singly) is preserved unchanged in spite 
of complete motor jiaralysis. This may be the case in cerebral 
as well as in light peripheml jmlsies. If cerebral paralysis can 
be excluded on other grounds the diagnostic-prognostic conclu- 
sion would 1x3 as follows: Light peripheral paralysis, which 
will last about three or foiu* weeks. Electrical treatment un- 
necessary. 

"2. Complete motor paralysis; faradic and galvanic irrita^ 
bility of the nerve diminished to a gnviter or less degree; the 
faradic irriUibility of the muscle is diminished or abolished, wlule 
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tlic galvanic irritability is increased. The galvanic contraction is 
slow and the anode closing contraction is equal to or exceeds the 
catliodc closing contraction (partial R. D.). The muscle is very 
little or not at all atrophied. Diagnostic-prognostic conclusion : 
Moderate paralysis of neuritic character. In peripheral cases 
the prognosis is favorable. The paralysis may continue from 
one to five months. 

''3. Absolute motor palsy; complete reaction of degenera- 
tion of the early stage, moderate atrophy of the muscle. The 
nervous irritability for both cun*ents is abolished. The farado- 
muscular irritability is entirely abolished, while the galvanic 
irritability of the muscle is increased. The galvang-muscular 
contraction is always of a slow, tardy charactc^r, and generally 
(but not always) the normal formiUa of contraction is reversed, 
so that the An. CI. C. is equal to or greater than the Ca. CI. C. 
Diagnostic-prognostic conclusion: Grave paralysis lasting in 
the most favorable case five to ten months. Curability of the 
j)amlysis may be expected only when the paralyzed muscles 
show evidences of return of trophic or motor innervation. 

" 4. Absolute motor palsy ; complete reaction of degenera- 
tion of late stage, extreme atrophy of the muscle. Galvanic 
and faradic irritabilitv of the nerve abolished. Faradic irrita- 
bility of the muscle absent, but galvanic contractility weak, and 
only produced by strong currents, and, finally, only on applica- 
tion of voltaic alternatives. The muscle is reduced to a cord in 
size, and hard. Diagnostic-prognostic conclusion: Extreme 
degree oi paralysis, lasting at least ten to twelve months. The 
probability of cure diminishes with the length of time during 
wliicli these plienomena continue. Signs of restoration of func- 
tion or nutrition of the nerve increase the probability of a return 
of the normal function of the paralyzed part."* 

Duchenne has called attention to a hyperaesthetic condition 
of the paralyzed muscles which comes on in the course of the 
faradic treatment. This muscular hyperaesthesia is a valuable 

• VoD Ziemsscn, Die Elektricit&t in der Meilioin, 5te aafl. Beiiln, 1887. 
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pro-jnostic intlirjttion of tlic imix-ncliiig return of trophic an 
motor iniKTViitioii. Von Zieinsscn afii-ces with tlic Fmtc 
author in consicU'rinff this symptom of viihie, hiit states tbit i 
aljscnrt' is not in all cases an iinfmonihlc prognostic. 

SPECIAL I'AKALYSES. 

Facial Palsy (Bell's Palsy). — Tliis most common of all forn 
of pfriplicrai imlsics (Fig. 'I'l'l) usually yields veiy promptiv i 
elertrical treatment. In the niikler rases, whci-e there is i 
R. 1)., or where this is only partial, the prognosis is lavorabl 
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the normal contnwtiHty of the muscles beinp; usiinllv rrstore 
witliiii two mouths. Tin- severer forms, with complete 11. I) 
sometimes yieUl alter mouths of persistent electrieal trcatnien 
hut tile profTuosis hi sucli cases is not lioiK'ful. 

The diagnosis li<?tween central and peri))heml paralvsi; 
wliich is reiidily made liy the* electrical reaction, should alwa'V 
b<! estal)lislied Iwfore hefjinninf; treatment, as it will save nine 
disappointment to liotli i)]iysitian and iwitient. 

Tiie results aimL-d at in electrical treatment are two: (1) t 
remove the inflammatory pi-odiu-ts in and around the tnick o 
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tlic nerve tlirough the electrolytic effects of the current, and (3) 
to Ihnit or arrest atrophy, contracture, or spasm of the muscles 
by stimulating the normal nutritive process. 

The methods of treatment to be followed in Bell's paralysis 
are as follow: Transverse occipital brain galvanization and 
subaural galvanization. This is followed by galvanization of 
tlic nerve-trunk and its branches; faradization of the nerve, one 
pole being placed over the stylo-mastoid foranien and the otlier 
successively over the motor points of the paralyzed muscles. 
Static electricity (breeze and sparks) may be applied along the 
course of the nerve. Galvano-faradization may also be used, 
especially in obstinate cases. The faradic brush over the area 
of distribution of the sensory branches of the fifth nerve may 
sometimes bring about contraction of the paralyzed muscles by 
reflex action. 

The electrical treatment should be begun as early as possible 
after tlie lesion, in order to prevent contracture. 

Facial paralysis of central origin offers a much more serious 
prognosis. Recoveries are comparatively rare, although decided 
improvement sometimes follows electrical treatment. The centric 
metliods of electrization, brain and subaural galvanization, 
must not be omitted in this variety of palsy. The paralyses of 
the muscles of mastication generally belong to the centric palsies, 
and must be treated upon the principles already laid down for 
affections of centml origin. 

In paralysis of the eye-muscles the lesion is usually periph- 
eral. Galvanic and famdic stimulation are indicated. When 
the formc^r is employed, the anode is placed over the back of the 
neck, and the cathode to the closed lids. Or a very fine elec- 
trode may be used to stimulate the muscles through the motor 
points found on the bulbar side of the lids. In mydriasis either 
the galvanic or laradic currents may be used. In using the 
former, mild currents and small electrodes are employed, the 
anode being placed over the middle of the closed eye, and the 
cathode swept around the orbital border. The faradic current 
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may be applied directly to the conjunctiva after benumbing tlic 
sensation with cocaine. 

Paralysis of the Spinal Accessory. — This affects principally 
the sterno-cleido-mastoid and trapezius muscles. The methods 
of treatment indicated are spinal galvanization and galvanic or 
faradic stimulation of the paralyzed muscles, and the faradic 
brussh to the skin over the muscles. The lesion in the nerve is 
usually peripheral, and the prognosis is favorable. If the 
paralysis is of ccntml origin, brain galvanization should be 
added to the otlier procedures mentioned. 

Hypoglossal Paralysis. — Transverse brain galvanization, and 
intermittent galvanic stimulation of the muscles of the tongue. 
The cathode is applied to the motor point for the hypoglossal 
nerve, and the anode to the back of the neck. This form of 
paralysis is frequently an accompanying symptom of brain or 
medullar lesions. 

Paralysis of the Muscles of Deglutition. — This is a frequent 
sequel of diphtlieria, and sliould be treated principally with 
galvanization and faradization of tlie muscles of deglutition. 
Anode to back of the neck, cathode to cheeks and Hps, or 
faradization of the velum, will often cause attempts at swal- 
lowing. 

Laryngeal Paralysis. — In addition to galvanization of the 
brain and cervical spine, percutaneous faradization and gal^'ani- 
zation are indicated. Intra-hiryngeal electrization is difficult to 
perlbrm. When it is desired to stimidate the laryngeal muscles 
dir(»ctlv, an insulated urethral sound mav be used. Von Zierassen 
has devised a double electrode for intra-larjngeal use, but this 
method is rart^ly employed, equally good or better effects being 
seemed liom the percutaneous applications of the current. Erb 
advises the anode to be placed on the back of tlie neck well up 
under the occiput, and the cathode to be passed up and do^n 
along tlie front of tlie larynx and trachea in order to bring all 
the laryngeal muscles and nerves under the influence of tlie 
current. Faradism may be employed in the same way. 
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Paralysis of the Upper Extremity. — In the palsies of the 
various muscles of the upper extremity the galvanic current is 
cmplf)yod to influence the appropriate nerves from the spine to 
tlie plexus, and then along tlie course of the various nerve- 
trunks. In cases of traumatic paralysis the current should be 
passed directly through the seat of the injuiy in order to obtain 
tlio electrolytic and trophic effects. Faradism is used either with 
large, moist electrodes, to stimidate the muscles directly, or by 
tlie diT faradic brush to obtain reflex contractions. 

Paralysis of the Muscles of the Trunk. — To stimulate the 
serratus muscle the anode is applied to the cervical spine, and 
the catliode to the long thoracic nerve in the supra-clavicular 
fossa, in tlie axilla, and along the course of the nerve. The 
faradic current may be employed in the same way. The muscles 
of tlio abdomen and loins are directly stimulated by both gal- 
vanic and faradic currents. Large electrodes and strong cuiTcnts 
sliould be used to obtain decided contractions. 

Paralysis of the Lower Extremity. — In the paralyses of the 
tliigh- or leg- muscles the galvanic current is employed from 
tlie spine, es[)ecially the lower portion, to the plexuses, nerve- 
trunks, and muscles. Faradization of the muscles is also useful. 
In all the varieties of motor paralysis, static electricity in the 
form of the static breeze or sparks may also be employed. 

Diphtheritic Paralysis. — The muscles of the trunk and ex- 
tremities and the heart are sometimes paralyzed or in a paretic 
condition as a residt of diphtheria. Severe attacks of other 
infectious diseases sometimes leave similar effects. In all these 
cases bniin and spinal galvanization, with direct application of 
the current to the affectxHl muscles, should be tried. The heart 
may be galvanized by direct tmnsmission of the current from 
the back to tlie stenium. Large electrodes and mild currents 
should be used, and the current should be frequently reversed 
(seventy to eighty times per minute). Static electricity has also 
been used with good effect. 

Syphilitic Paralysis. — ^Paralysis from syphilitic infiltrations 
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should be treated witli local and general galvanization an 
faradization, in conjunction with appropriate specific treatmeu 

Toxic Paralyses, from lead, mercury, or other poisons, requii 
not only peripheral application of the galvanic and faradic cu 
rents, but also spinal galvanization, especially in the cenicj 
portion of the cord, and from the nape of the neck to tl 
sternum. Static electricity is also useful. 

Muscular Paralyses and Atrophies from disuse, or idiopath 
disease of the muscles should be subjected to local faradizatio 
and galvanization. 

DISEASES OF THE PERIPHERAL NERVES. 

Neuritis and Perineuritis. — Galvanism through the affectc 
portion of the nerve, or the famdic brush, or moxa, and farad( 
massage are indicated. In recent cases the anode is placed ovt 
the seat of the lesion and the cathode in a convenient positio 
near by, so that the current will [)ass with more or less direc 
1 ness through the lesion. 



I 



DISEASES OF THE SYMPATHETIC SYSTEM. 

The methods of electrization used in abnormal conditioi 
supposed to be due to disease of the sympathetic nervous systci 
are, principally, subaural galvanization ("galvanization of tl: 
sympathetic ") and galvanization of the cervical portion of tl 
spinal cord. Strong currents and voltaic alternatives are som( 
times indicated. In cutaneous angioneuroses (angiospasn 
angioparesis) the employment of geiieml faradization, subaun 
galvanization, and local faradization and galvanization are appr< 
priate methods of treatment. When the vessels are contrac^tc 
direct faradic application by brush or moist electrode with strbD 
currents produces dilatation. Weak currents of short duratio 
with the moist electrodes to the part, or the (\xy fanxdic brus 
on the opposite side of the body, produce contraction of tl 
vessels. 

Angina Pectoris. — In the attack the application of stron 



DISEASES OF THE SYMPATnETIC SYSTEM. 301 

fitlic currents through the furadic brusli to the precordial re- 
ion hiis produced prompt relief. Suhaiiral and spinal galvani- 
1 arc also recommended in the hitervals between the attack, 
Hnsverse galvanization of tlie heart (von Ziemssen's method) 
"^ay In- tried. 

Palpitation of the Heart. — In this affection the same 
methods as are emi)lojed in angina jiectoris are indicated. In 
weak, dilated heart von Ziemsseii has seen good eflbcts from 
strong galvanic currents passed through the heart from the front 
to the back of the cliest, with frequent reversal of tlie cuncnt 
(V. A.). 

Nervous Asthma. — Subaural and spinal galvanization, with 
transverse larjiigeal galvanization and faradizatdon, are some- 
times useful. Suliaural galvano-faradization may also be era- 
ployed, yaradization of the pneuraogastric is recommended by 
De Watteville and others. 

DISEASES OF THE MUSCLES AND JOINTS. 

In diseases of the organs of locomotion electricity is often 
of very great value. The methods of application consist princi- 
pally of local galvanization and famdiz;ition, altliongh in some 
affections the various methods of central electrization are also 
useful. 

Pseudo - hypertrophy of Muscles and Thomsen's Disease 
(Myotonia Congenita). — Neither of these affections give nnirii 
promise of success to the electrical treatment, hut Erb advises 
general faradization, electric baths, and galvanization of tlie 
musrlrs. ivith central galvanization. 

Myalgia (Muscular Rheumatism). — Few diseases yield more 
promjitly and completely to electricity than the various forms 
of acute muscular rheumatism. Ijurabago, rheumatic torticollis, 
pleurodynia, etc., often disappear like magic (" wie weggeblasen "), 
as Erb says, after the application of the dry faradie brusli over 
the painful muscle for a few minutes. Strong ciurents, sufficient 
to redden the skin, are required. If necessary the procedure 
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may be relocated several times a day. Faradization of tl 
muscles with large, moist electrodes is also successful. Galvaii 
zation of the muscles with anode application to painful poin 
may often be tried with good effect. In old and obstinate cas 
faradic massage or static sparks may be tried. 

Traumatic Muscular Atrophy. — In cases of atrophy of mn 
cles from non-use, due to injury, diseases of the joints, i 
general debilitating diseases where the muscles have waste 
the faradic current, to produce strong contractions, or combint 
with mechanical treatment, as in farado-massage, or gahTin 
faradization, are useful. Local applications of static electrici 
(sparks and shocks) are also followed by success at times. Wh< 
the neuro-electrical irritability is preserved to either current tl 
nutrition of the muscles can in most cases be restored. 

Muscular Cicatrices and Contractures. — ^In these cases tl 
galvanic current is used for its electrolytic and trophic effecl 
The anode is applied to the scar, while the cathode is placed ( 
the opposite side of the limb or moved about in a circle aroni 
the seat of the lesion, or the reverse position of the poles rai 
be tried. Galvano-massage may be of use. 

Acute Articular Rheumatism. — R. Remak advised the a 
plication of the galvanic current stabile through the affect( 
joints and claimed good results therefrom. More recently Dro 
dorff, von Beetz, Abramowski, and more particularly Lewai 
dowski have used the iaradic current with highly gratifying su 
cess. Large, moist electrodes may be used, but the favori 
method of thie authors mentioned is the drj' faradic brush (se 
ondary coil) applied to the skin dircH^tly over the joint until d 
cided redness is produced. A brush may be used with eitli 
electrode, but it is customary to employ one brush and onelarg 
moist electrode, wliich is applied to the limb opposite the an 
famdized with the brush. The current is at first weak, grad 
ally increasing in strength. The effects are a diminution of pai 
reduction of fever, shortening of the disease process, and a 
sorption of the exudation. The sittings often require to 1 
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rjiepeated several tinips n day. Lewandowski Ims treated sieveiity- 

;five cases, with satistiirtory results in all. 

Chronic Articular Rheumatism. — In these cases the electro- 
lytic effects of the {lalvaiiic cuirent should be brought into 
requisition. Strong cuiTents should be passetl directlj- througli 
the joints in order to raiise absori>tion of the effusion. The 
electrodes, large and well moistened, sliould bo so placed as to 

;get a direct permeating current. The cniTcnt slioidd be fre- 

'quently reversed. Electvo-raassage of the joint and the stir- 
rounding structures is of advantage in relieving pain and pro- 
moting absorption. When tliere is much tenderness of the 
joint the electric hand is indicated ; in other cases the rnllcr- 
electrode (Fig. 223) may be used. General electrization, electric 
batlis, and local faradization with the faradic brush have also 
been followed by success. 




FlO. ass.— ROLLBB OR MaSSAOE ElKCTBUUB. 

Nodular Rheumatism (Rheumatic Gout). — Tlils obscure ami 
pprsistent affection has occasionally yielded to elprtririty. As 
tlie disease seems at times to have some connectioa with the 
nervous system, some olccti'icians have performed subaiiral and 
spinal galvanization in addition to proper local electrical 
measures. Galvanism is used, jmssing the current dii'ectly 
through the affected joint, in order to secure the electrolytic 
effects. The faradic bnish or moist electrodes may be employed 
for the relief of pain. 

Articular Effusions. — In effusions into the joints, whether 
inflammatory or vaso-nenrotic in origin, electricity is often of 
decided value. Transverse galvanic currents, with V, A,, or 
fiiradizatiou with the drj- bnish or moist electrodes, or galvano- 
puucture, have all been followed by success. 
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Traumatic Arthritis. — The usual percutaneous, electrolf 
incthods, lamdization with the dry brush and moist clectrod( 
local laiiidic batlis, and in some cases prolonged weak gahur 
curnnits have all been followed by success, Most non-purulc 
effusions into joints will yield to a rationally-conducted electric 
treatment. 

Hypertrophic Callus and Other Traumatic Penostases.- 
Prolonged transverse galvanization of the seat of the dQ\yo 
with V. A. will often yield good results. To illustrate t 
importance of •i)ersistence in the treatment the following ca 
reported by Moritz Mc^yer is quoted: A boy had a large, boi 
callus on tlie left arm, interfering with tlie motions of the elbo 
joint. The flexores commiuiis, sublimis and profiiiidis, and t 
flexor longus pollicis were imbedded in the callus and tli( 
action inhibited. Meyer applied a large electrode to one surfa 
of the arm and used a small electrode to the median nen'e ai 
tlien over the callus, and made numerous reversals of the currei 
In the course of .seven months, during which the patient h 
one liundred and eighteen sittings, the callus had ha 
rnnoved and the mobility of tlie joint restored. Befo 
Meyer undertook tlie treatment of the case. Professor von Ber 
maun had examined the patient and proposed resection of tl 
joint as the only practicable procedure. 

Anchylosis, Stiffness of Joints, and Periarthrittc Swelling 
— These often yield to the constant current (electrolytic cu 
rent). The faradic current may sometimes aid the effect, bi 
the principal reliance must be placed in galvanism. 

Painful Neuroses of the Joints. — The so-called joint nei 
ralgias are readily treated by electricity. Pressure points slioul 
b(^ searched for and subjected to the anode applications. Th« 
])ainful spots may usually be found in the following locahtics 
For the spinal articulations, over the spinous processes; for tli 
elbow, at the external condyle of the humerus and the head o 
tli(? radius ; for the wrist, at the styloid process of the ulni 
for the hip, midway between the tuber ischii and trochanti 
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Jajor, a little external to the latter; for the kuec, at the iiit^mial 
lonilyle, at the aiiex of the patella, and behind the head of the 
fibula; for tlic ankle, below each malleolus. 
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DISEASES OF THE EYE. 

Removal of Foreign Bodies. — The i-cmoval of foreign bodies 
(particles of irou and steel) by means of an electru-niagnet 
has heeu frequently accomplished. Professor Hirschbcrfi, of 
Berlin, has constructed a magnet for tliis puqjose, with which 
he has o[jerated a larfje number of times. In 1885 he re^wrted 
thirty-three successful cases. Many modifications of tliis instru- 
ment liave been made. One of the most convenient of these 
was devised by Dr. lluhbell, and is shown in Fig. 224. Dr. 




Fia. S4.— IIDBBEI.I.'B ELCCtieb'MAOHET. 

iHubbell claims, as advantages for this instrument, greater power 
of attraction, lightness, small size, shape, and convenience of 
manipidation. 

I The apparatus is connected with one cell of any khid of 
active battery, and the end of the magnet, projected into a fine 
fermiual point, is placed as near as convenient to the ibieign 
body. On closing the circuit the current losses through the 
irire of the electro-magnet and renders the iron core magnetic. 
If the foreign body is deeply imbedded in the eycliall, it may be 
necessary to puncture the ball and insert the point of the electro- 
magnet until the foreign particle can be attracted by it and 
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removed. The battery circuit must not be broken tintU 
particle is entirely reraoved from tlie eye. By means of ti 
instrument particles of iron have been removed from the vitrcoti* 
humor without adding to the injury already sustained by (he 
organ. 

Augiomata of the lids may be readily destroyed by 
trolysis. A needle-electrode (Fig. 225) is used as catliode 
modemte destrnction of the morbid growth produced, es] 
attention being directed to the enlarged vessels, obliteration 
which must be attempted. If a current of proper strength u 
employed, the tissues aromid the needle become pale. iIkti 
grayish and puffy from the infiltration of gas. There is usually 
no bleeding on withdrawal of the needle, but should anv follow 
it can be easily arrested by reversing the current, making the 



>y ihe 
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needle positive and i-e-inserting it. This produces a firm riot 
and arrests all bleeding promptly. The jiositive electrode 
should be the ordinanf sponge or cotton-covered electrode, 
which may be applied to'the temple or on an indifferent point. 
It is usually most convenient to apply it to the back of the baud 
The needle should be of gold or platinum in order to avoid 
conosion. A steel needle will not be attacked by the fluid' 
around the negative pole, but it is difficult to prevent its oxida* 
tion, while if it is required to use it as the anode it is quickly 
corroded by tlic fluids set free around the positive pole, ami 
then becomes difficult to remove without producing a good dM 
of disturbance of the clot or tissues. In some cases, also, the 
black oxide of iron formed may remain as a permanent tattoo- 
mark. 

Great care should be taken not to produce too mucb 
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destniction at one time, for a large slough may leave a dis- 
figuring scar. If the electrolysis is jjcrformed carefully the 
result will be very satisfactory. The most importaut requisite 
for ft good result is patience. 

Small areas (about one square centimetre) should be taken 
at a sitting. With the electrodes mentioned, a current of 2 to 3 
milliarapei-es is adequate to produce sufficient destniction. The 
needle may be kept in one position four or five minutes and 
then carefully withdrawn and re-inserted at a little distance. 
Tile circuit should be broken before withdrawing the needle. 

Other new growths, such as papilloniata, pigmentarj- nsevi, 
and even epitheliomata, are destroyed with uearly equal readi- 
ness by means of electrolysis. The needle is used as cathode, 
the anode being placed on any convenient portion of the body. 
A current of from I to 4 mitliampiires is used for four or five 
minutes at a time, the base of tlic growth being perforated in 
several directions with the needle. Tlie destroyed growth 
shrivels up and drops off in the course of a week or ten daj's, 
leaving a diy, brownish spot, which gradually fades to white. 
The only dressing required is an application of hot water once 
or twice a day, for four or five minutes, and repeated on two or 
three successive days. 

The galvano-cauterj' knife or snare can also be used for the 
destruction of small growths about the eyelids. 

fn Tnchiasis, so difficult to cure by any other method, 
brilliant results are obtained with electrolysis. In fact, the pres- 
ent extensive employment of electrolysis in dermatology dates 
from its use by Dr. Michel, of St. Louis, in treating trirliiasis. 
The cathodic needle is used with a current of ^ to 2 milliam- 
peres, the sensibihty of the lids having first been obtundcd with 
a lO-per-cent. solution of cocaine. The cathodie needle is 
carefully inserted into the follicle of the misdirected lash, and 
the circuit closed, either with the contact closer in the handle, 
or with the anode. The current is passed until tlie hair can 
be removed without resistance by means of a pair of epilating 
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forceps. Tlioii the circiiit is broken and the needle withdraw 
If t!i(; opf'vatiou hns been carefully jwrformed the hair thus 
moved will not grow again. 

Inflammation of t/ie Meibomian Follicles and Chahuaon n 
also be sncccs,sfuUy treated by electrolysis. Tlie needle, 
catliodc, is inserted into tlie small swelling, and a mild ( 
rent [Missed a few minutes. A channel remains throiigli wli 
the contents, purulent or cliecsy, may discharge. The walls 
tlie little cysts in chalazion are also stimulated to healthy acti 
and recovery Ibllows. 

Entropion and Ectropion have been treated sxiccessfully 
long-continued faradization of the orbicularis j>alpebrai 
muscle, using fine electrodes. In entropion, however, the \ 
vano-cautory will ])rodncc quicker results if a small strip of s 
is deeply seared and allowed to heal by cicatrization. The c 
traction of the Unear cicatrix turns the border of the lids ( 
ward. 

Spasms of the Eyelids are treated with mild galvanic ( 
i-ents, applying the anode to jminfid spots, if any are pres( 
Galvanization of the medulla nblongatji and subaiinil gnlvj 
zation are also employed. Anode application to the closed li 
cathode intUfi'i-rent. has lieen tried witli good effect. Swell 
fiimdic currents (Far. < >■) and V. A. have been used. 
wandowski relates a ease of iv&vx blepliarosi>asm, in which 
spasm of the orbicularis and cornigator followed ton days al 
a sabre-cut of the left cheek. Tlio sjuisms were severe and o 
stant. A single sitting, with galvanization of the medi: 
oblongata, anode to back of neck, cathode in the hand, leliei 
the spasm ijcrfectly. Spasms of the ocular muscles are trea 
on the same principles as other facial spasms (q. »».). 

Trachoma is sometimes treated by electrolysis. The dou 
electrode (Fig. 226) is a convenient method of producing 
sorption or thinning of the abnormally thickened mucous nw 
brane. 

Paralyses of Ocular Muscles. — These may be of ceut 
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but are mostly of peripheral (rheumatic, sypliilitic, diphtheritic) 
ori<j^in. The prognosis is usually favorable in recent cases. 
The electrical ti-eatment is partly directed to the centres (brain 
galvanization), and partly to the paralyzed nerves and muscles. 
The cathode may be applied over the closed eyeUds, and the 
anode to the back of the neck or the occipital region of the 
opposite side. If the conjunctiva is anaesthetized with cocaine 
the muscles can be directly stimulated with a fine electrode 
(Ca.) through the conjunctival sac, as practiced by Gozzini and 
M. Rosentlial, the anode being applied gver the forehead. 
Peripheral faradization or galvano-faradization may also be 
tried. Subaural galvanization is sometimes useful. Soetlin 
has successfully treated acquired nystagmus with galvanization 
of the eyeball, a large electrode (Ca.) being applied over the 




Fio. 226.— DotTBLB Electrode for Trachoma. 

closed eye, and the anode placed upon an indifferent point. 
Short sittings (one-half to one and one-half minutes) are indicated. 

Mydriasis. — The anode may be placed over the closed eye, 
and the cathode swept around the orbit. Direct faradization of 
the eyeball, after cocainization, may also be tried. 

Muscular Asthenopia may sometimes be cured by galvani- 
zation of the internal rectus. The cathode is applied over the 
inner angle of the closed eyelids. 

Corneal Affections. — Keratitis of various kinds has fre- 
quently been treated successfully with electricity. In phlyctenu- 
lar keratitis faradization of the conjunctiva, with a moist camel's- 
hair pencil as an electrode, has been used, or one electrode may 
be applied over the closed eyelids, and the other in the nape of 
the neck. The galvanic current may also be used, and success 
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has been reported with it in neuro-paralytic ophthalmia ai 
parenchymatous keratitis. Subaural galvanization has be 
employed in pannous keratitis. Opacities of the cornea lu 
been successfully treated by means of electrolysis, and spec 
electrodes have been devised for this purpose. Adler procee 
in the following manner : A small, moistened metal plate (anoii 
is ap|>lic!d to the scleral coujunctiva, and the cathode, a Bm 
silver s|>atuln, is piissed with slight pressure over tlie opaci' 
A current of 1 to 1 ^ milliamperes is employed, and the sitti 
continued for only ten to twenty seconds. Atropia is then i 
stilled, and the eye bandaged. In a few days the signs of ir 
tatioii disapi>ear, and much improvement is manifested in t 
apijearaiicc and usefulness of the eye. 

The galvano-cautery lias also been used with excellent i 
suits in corneal affections. In rapidly-destmctive or inlbcti 
ulcerations, the prompt use of the giilvano-cantery will oft 
save the organ from destruction. 

Diseases of the Iris. — In iritis, tlie electrolytic ciirre 
through a large moist electrode over the closed lids has be 
used successfully, llypopion has also been successfully treat 
by means of direct faradization, a fine sponge electrode bcii 
applied to the lower border of the cornea, and the region of tl 
purulent collection being touched three or four times during ll 
sitting. 

Diseases of the Choroid. — C'hronic inflammatory afFectioi 
of the choroid, with pigment deposits, plastic cxtidations, < 
atrophic spots arc favorably influenced by the galvanic curren 
One electrode is placed upon the brow and the other behind tl 
ear of the same side. 

Diseases of the Lens. — Opacities of the lens from varioi 
causes have been subjected to the galvanic cuiTont witli assert* 
success. Giraud-Teulon states that electricity is the mo 
effective and rapid method of treatment of all forms of cloud 
ness of the lens. "Whether it is equally effective in true cati 
ract is doubtful, although Neftel has rei>orted good result 
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The galvanic current is used. Tlie electrodes are applied so as 
to secure direct transmission of the current tlirough the eyeball. 
One electrode may be applied over the closed eye and the otlier 
to the back of the neck, the mastoid process, or the subaural 
fossa. The current should l>e passed alternately in botli direc- 
tions. Weak ciirrents and short sittings, three to five minutes, 
should be tlie rule. 

Diseases of the Retina. — Atrophy of tlie optic nerve, either 
primary or in the course of posterior spinal sclerosis, may some- 
times be improved by the proper and persistent use of galvan- 
:ism, but tlie prospect is not very encouraging. A number of 
cases are reported, however, and, in the absence of any other 
h'ustworthy treatment of this affection at our command, elcc- 
tiicity should be given a patient trial. In optic neuritia and 
secondary atrophy, tlie results are usually more la^orable. De- 
cided improvement can often be obtained, and in a considerable 
number of cases tiic funetional activity of the eye may again 
approacli the normal stanilard. 

Amblyopia and Amaurosis, ronscquent upon toxic causes, 
hysterical visual abnormalities, and other disturbances of vision, 
for which no anatomical lesions can be found, are all more or 
less favorable conditions for electrical treatment. The methods 
are: Titinsverse frontal galvanization; galvanization from the 
closed eyelids to the mastoid process, or nape of the neck : sub- 
aural galvanization, galvano-faradization, and the dry galvanic 
brush, according to llumpf's method. The results in most cases 
depend upon electrolytic and vefipx trophic effects of currents. 

Stricture of the Nasal Duct should yield with es^xjcial (acility 
to electrolysis properly applied, — cathode in the duct by means 
of an insulated sound, anode in the palm of theliand. Weekly 
sittings. Tiial should be made of the method. 

_ DISEASES OF TOE EAR. 

H Noises in the Ear, Nypercesthes/as. Partesthesias, and Torpor 

Be//Ae Auditory Nerve are all more or less susceptible to improve- 



312 PRACTICAL ELECTRICITY IN MEDICINE AND SURGERT. 

mcnt by elcctriral treatment. Brenner, who developed to snrl 
a luf^h dc^fjfrco the physiolofjicHl reactions of the auditory appa 
ratus to the electric current (see p. 155), also contributed mud 
to our knowledge of the therajK^utic application of electricity ii 
aurjil aftections. The galvanic current is iisually employed 
although faradization and static electricity have been used ver 
successfully by some practitioners. 

Tinnitus Murium, deix^ndnig upon nervous disorders, k 
been treat(»d by transverse or diagonal brain ^Ivanization,- 
from mastoid to mastoid, or from mastoid of one side to the bar 
of the neck of the other side. Good results have been obtainc 
in some cases by thcvse methods. The "polar method" c 
BrenncT is, however, genendly adopted. This is based upo 
the physiological reactions to the galvanic current. If there 
electrical hyiK'nesthesia of the auditory nerve, the normal soun 
sensations ]m)dnced by optMiing and closing of the eunrent wit 
the diif(n*(Mit pok^s are simply intc^isitied. This may be presei 
w^ith tinnitus. The normal formula of sound reactions mavab 
be reversed. In this case the character of the reaction funiish( 
an indication for the treatment. Thus, in a case of tinnitus h 
the anode first Ik* employcxl. placing the cathode at an inili 
ferent |)oint, as the* |)alm of the hand. If the noises are nc 
modifi(Hl, or are even increased, the other pole is tried. Th 
anode-closing and anode-diu-ation raictions are first tested, an 
if they produce no abatement, or an increase in the noises, th 
pole is reversed and the cathodic reactions tested. Brennei 
Erb, llagen, and Moos have reported cases in which treatnier 
based upon the galvanic acoustic reaction was followed b 
prompt relief In the majority of cases the anode treatmen 
was successful. When a modification or disappearance of th 
noises has been obtained, the current should be g^radiudl 
diminished with the rheostat in order to avoid the sudden shocl 
when the current is broken. Tlie current used should not b 
strong enough to produce vertigo. In nervous deafness prett 
strong currents with V. A. are sometimes necessary to obtain an 



DISEASES OF THE EAR. 313 

reaction. The active electrode is usually applied directly over 
tlic ear, or upon the mastoid process, but sometimes a special 
aiu'al electrode, insulated by a rubber speculum-tube (Fig. 227), 
is inserted into the external auditory meatus, which is filled 
witli warm water. In this way the cur- 
rent is more strictly localized, but no 
special superiority in results over the ex- 
ternal application of the electrode has 
been ol)served. The external application 
of the faradic cuiTcnt has also been fol- 
lowed by success, while Benedict claims *'io- 227.-aural elec- 
brilliant results with static electricity, 
drawing a fine spray of sparks from the drum membrane. 

Nervous Deafness unaccompanied by tinnitus may also at 
times be successfully treated by tlie galvanic current. The same 
methods of application are employed. 

In bilateral affections of the auditory nerve it is often use- 
ful to have the active electrode double : that is to say, a double 
conducting cord for the pole which is applied to the ear (Fig. 228). 
In this way both ears are treated at the same time. 





Fig. 228.— Double Aural Electrode. (Mcintosh.) 

Deficient Secretion of Cerumen. — The galvanic current is 
often useful in this annoying condition. The meatus is filled 
with warm water, the insulated ear-electrode introduced and 
connected with the negative pole. The anode may be applied 
o^'cr the mastoid process, or held in the hand. The secretion 
soon becomes freer and the pliability of the lining membrane of 
the canal restored. It is probable that chronic inflammation 
and thickening of the membrane, or stenosis, would also yield to 
appropriate electrical treatment. 



I 
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Tliickoiiiiig and opacity of tlie tympauic membiane may 
treated by tlic galvanic current, the cathode beings placed inl 
nieatns, filk'd with warm water, and the auodc applied to t 
mastoid process, the back of the neck, or held in the hand. 

Polypi ill the external meatus may be destroyed by el 
trolysis, the pedicle being transfixed with the cathode-neci 
electrodo, and a weak current passed. The galvauo-cautcr}' 
however, morc prompt in its efiects, and Httlc, if any, ni< 
IKiinful. 

Chronic MIddle-Eap Catarrh. — It is tlie prevalent opini 
among otologists that most cases of deafness depend upon chroi 
iiifliimmatory conditions of the tym|Minic cavity, associated wi 
chronic cabirrh and collapse or stenosis of the Eustachian tul 
'Weber-l.icl has highly recommended the application of el< 
tricity to tone up tlie relaxed walls of the tube hi these cast 
lie states that in the first stage of the disease, when the muse 
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lar walls of the tube still react to the electrical stimulus, el( 
tricity is indicated. The effects arc especially marked in yoni 
[wrsoiis, and after two or more sittings the hearing is oft 
greatly improved. The subjective auml symptoms (noises, eti 
may still continue, but will also yield to a continuance of t 
treatment. Only in the later stages, when the atrophic chang 
in tlio muscles of the tube and of the ossicles have prcmress 
so fiir that the electrical i-eaction is entirely destroyed, no ii 
jn'ovement is to be exix-cted. The sittings may sometimes i 
quire to be extended to fifteen or twenty minutes. The acti 
electrode (Ca.), in the form of a fine-wire stilet, is insert 
into the tube through a rubber catheter (Fig. 229), and the otli 
electrode mayl>c applied over the ear or along tlie cervical spir 
It is strange that in an affection so little amenable to trei 
mcut by otlier methods more numerous observations have n 
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been made by specialists in aural diseases, especially as the con- 
ditions seem particularly favorable for obtaining good results 
from electrical treatment. 

DISEASES OF THE NOSE. 
The functional disturbances of the sense of smell may 
sometimes be relieved by galvanization of the Schneiderian 
mucous membrane, but ;i iiioie numerous class of diseases of 



the nose are susceptible to electrolytic treatment. Hartmann 
has lecenlly recorded his liivorable experience with the gahanic 
current in hypertrophic rhinitis, and Voltolini lias removed nasal 
polypi by means of electrolysis. In the case of polypi and other 
tumors of the nasal cavity, however, the gnlvano-cautery offers 
Buch excellent advantages that it is unlikely to be replaced by 
' any of the slower and perhaps less efficient measures. Fig. 230 
shows an electrode used in hyijortrophic catarrh. 

DISEASES OF THE TONGUE. 
ncers, paretic conditions, and new growths may requii-c 
electrical treatment to produce desired improvement. Func- 
tional disorders of the sense of taste so frequently de^iend upon 




■brain-lesions that their treatment is to be referred to the latter. 

I Ulcers and new formations may be subjected to electrolytic treat- 
ment or to the more rapidly acting galvano-eauterj-. A slight 
cauterization of a lingual nicer with the galvano-cautery will 

I. often cause the healing of the ulcer and pre\ent development 
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of a caiK:<>r. Fig. 231 shows an electrode for treating ulccR c 
the tongue hy electrolysis, or for electrical stimulation of tl 
muscular suhstancc of tlie organ. 

DISKASKS OF THE RESI'IRATORY ORGANS. 

Aphasia, Aphonia, and Aphthongia. — Cases of these affe 
tions often yield witH surprising promptness to electricity. Tl 
effects are largely dc))eniient upon the cause. Wlien the affe 
tiou is hysterical, iutra-pharyngcal or tninsverae laryngeal far 
dizatiou are usually successful. Galvanization of the spine 
also souictimes useful. When H]>hasia is due to au anatomic 
lesion of the siRfcli-centre, lougituiiinal, trausvcrse, and diag 
nal bmin galviuiizntiou are indicated. When loss of speech 
caused by uitni-laryiigoul growtlis the galvaao-cautery snarc* 
eU'clroIysis under cocaine will be appropriate measures of tR-a 
ment. A iKipillomatous growth of the vocal cord can be it?adi; 
removed by eitlier method. 

Hysterical Paraestbesias of the Throat and Larynx. — Tran 
verso laryngeal galvanization or faradization are effective I 
niiuiy cases. The dry famdic brush may also be used to tli 
front of tlie neck. Galvanism to the cervical spine, or from tli 
spine to the larynx, may be tried in some cases with hoiie o 
success. 

Nervous Asthma. — This is often treated with succcs.s b 
electricity. Some practitionci-s use the galvanic current, othei 
find better results Ibllow faradization. Subaural and pncumc 
gjistric galvanization — anode to the back of the neck, cathod 
between larynx and stem o-cleido -mastoid muscle — have Xvx 
very siiccessfidly used by IJit'nuer and Xeftel. Spinal galvauizatio 
from the cervical to tlie lumbar spine have yielded good result 
in some cases. Tnuisverse famdization of the chest with stron 
currents may be useful. 

Asphyxia. — "Wlien due to inhalations of poisonous gases c 
va])ors, or the ingestion of poisons, or to arrest of respiration i 
other ways (asphyxia neonatorum, diphtheria), tliis lias bee 
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treated successfully with the electric current. The method 
eniployod is that of faradization of the phrenic nerves. Either 
of two j)rocedures may be adopted: (1) both electrodes are 
placed over the motor points for the phrenic nerves in the neck 
(see Fig. 138, page 162); or (2) one electrode is placed ov^ one 
pliienic nerve, and the other appUed over the pit of the stomach. 
Tlie current sliould be interrupted once every three seconds, in 
order to promote rhythmical contractions of the diaphragm. 

DISEASES OF THE ORGANS OF CIRCULATION. 

Angina Pectoris. — During the attacks cutaneous faradiza- 
tion witli the dry brush over the cardiac region, as recommended 
by Duclienne, may be tried. This method cuts short the attack. 
Direct faradization of the cardiac region, using large, moist 
electrodes and strong currents from spine to front of thorax, has 
also been successfully employed. Eulenburg uses galvanism, 
catliode to the spine, anode over the heart. Subaural and vagus 
galvanization and galvanization of the cervical portion of the 
cord sliould be persistently followed up during the intervals. 
Static electricity has also been used with success in the forms of 
static breeze and insulation. 

Dilatation of the Heart. — Von Ziemssen has recommended 
the transverse galvanization of the dilated and weak heart as a 
means of strengthening thfe same. The current is passed from 
the spine to the cardiac region. Experiments by Herbst and 
Dixon Mann render it doubtful whether any direct effect can be 
produced upon the heart by this method of using the ciuTent, 
but the final appeal must be to clinical experience. The careful 
observation of appropriate cases subjected to electrical treatment 
will demonstrate the usefulness or otherwise of this procedure. 

Aneurism. — When a galvanic current is passed through 
blood or other liquid- containing albumen, the latter is coagu- 
lated. The coagulation takes place at both electrodes, if both 
are immersed in the albuminous fluid, but the clot around the 
anode is much denser than that around the cathode. 
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These phenomena of the galvanic current led to the ti 
of this agent in the treatment of aneurisms situated in regions 
the body or upon vessels not accessible to the ligature, comjH 
sion, or otlier means of surgical treatment. Tlie first physici 
who attempted the cure of aneurism by electricity was I'ctrcqii 
of Lyons, who operated upon liis first case in 1845. After h 
C'iniselli, Robin, Dujardin-Keaumetz, and others employed t 
treatment with more or less success. Up to the present ti 
considerably more than one hundn*d cases have been so treati 
and probably one-fourth of the number may be said to h 
been cured, or tlie symptoms much alleviated. Dangerous rest) 
from the operation itself arc rare, and, where proi>er care is us 
are not likely to occur. It is reasonable to suppose that 1 
many failures in the earlier reports of cases treated are due 
improper methods employed, and jwrhaps also to tlie fact tl 
generally only otherwise hopeless cases are selected for trial o 
new metliod of treatment. 

Tiie effects of gal va no-puncture of aneurism are due 
electrolysis. The current decomposes the blood, and bv recoi 
bination of cbcmipal elements at the electrodes — the so-call 
"secondary" electrolysis — coagulation of albumen comjxNm 
takes i)lace. The ])honomcua of electrolysis, alreadv describ 
(page 255). can here be readily recognized. If both pol 
(armed with needles), be plunged into the tumor, the clot arom 
tlie positive is firm and dense, that around the negative soft ai 
permeated with small bubbles of (hydrogen) gas. 

In the earlier ojierations for galvano-puncture (or, mo 
properly, electrolysis) of aneurism, both poles were iiitroduci 
into tlie tumor. The consequence was that two kinds of cl 
were produced, one of which (the soft cathodic clot) had a stroi 
tendency to break down and soiteu. Some bad results we 
thus produced. 

In more recent trials, however, the anode alone was i 
troduced into the aneurismal sac, the cathode being applii 
externally. In this way but one sort of clot, a firm one wi 
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■produced, wliicli adliered to the sides of the sac, and showed 
plittle tendency to break down or become detached and form 
[ dangerous embolisms. The perfected method of introducing 
' but one pole (the anode) into the sac, and carefully regulating 
the current used with a rlieosUit and milliamperemetor, deserves 
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to he more ^extensively tried in a malady which offers such sliglit 
prospects of cure with any other method of treatment. 

The method of employing electrolysis in aneurism is as 
follows: — 

One or more gold or platinum needles, insulated to witliin 
one inch of the point, in order to avoid action on the skiu and 
other tissiies intervening between tlie suriace and the sac, are 
plunged into the sac to a sufficient depth to entirely immerse the 
uninsulated portions in the fluid contents of tlie tumor. The 
otlier ends of the needles, if more than one be used, are tlieu 
connected with a conducting coixl by means of a collecting 
contact (shown in Fig. 232). The needles are connected with 
the positive pole of the battery. 

As tlie negative pole a large electrode, either of carbon, 
clay, or metal, covered with moist absorbent cotton, is used. 
W'ii'e-gauze sheets make very convenient electrodes (Fig. 233). 




Pig. 388.— Wire- 

They are flexible, and can easily be made to fit snugly any 
surface. They should be covered with a moist layer of absorbent 
cotton. A bath-towel well moistened with salt solution answers 
tlie purpose very well. 

The negative electrode is first applied where it will not be 
in the way. Tf the aneurism is thoracic, the electrode may be 
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n])plii'd over the nbdomen, and rice versd. After making so 
ofiill contacts and tlic iiropcr working condition of the battel 
the iu>cdk's arc then siKTPSsivcly plunged into the ancurisn 
Siic. V\"\\\\ the inillianipercmcter in the circuit, the cells ! 
thon gnuhiiilly added, one hy one, until a cun*ent of 20 to 
niilliann)ores is shr)Mn by the meter. This may be allowed 
net for ten minutes and then the current is gradually reduc 
by dropiJUif; out of circuit the cells one at a time. If their is 
good rlieostiit in tlic circuit, this should be used to increase a: 
diminish the sti-engtli of the current. If it be attetnjitcd now 
wilhth'iiw tlie needles from tlie sue, it will l)e found that th 
are pn^tty firmly fixed in their positions. This is owing to t 
closeness and density of the clot. Should they be removed 
forcibly pulling upon them, the clot maybe disturbed in posit) 
and nllow bleeding from the interior of the sac through t 
puncture, or [lortions of the clot may be broken off and 
waslied along in tlie hlood-ciirrent, and cause embolism. I 
this reason the needles should bo first gently rotated to loos 
them from the eoaguliim and %ery gradually witlidrawn. 
better method is, however, after diminishing the current to zci 
to reverse the poI(!S making the needles negative, and tin 
sending a moderate current through the circuit in the opnosi 
direction for a minute or two. This produces a little disiutegi 
tiou immediately around the needles, and they can then 
removed, not only without force, but witliout danger of causii 
hajmorrhage. 

After witlidrawal of the needles the punctures are co\-er 
witli a little antiseptic cotton and jHiinted over with collodio 
It goes without saying, that strict antiseptic precautions shou 
be observed throughout the operation. The needles must 1 
disinfected and the skin thoroughly washed with a disinfects 
solution of mercuric bichloride. It will hardly be necessary 
add that the ojwrator's hands sliould likewise be in an aaepi 
condition. 

Alter the operation the patient should be kept quiet i 
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several days. If symptoms of inflammation manifest themselves 
they sliould be combated by hot or cold applications and such 
other measures as are rationally indicated. 

Sometimes a single sitting is sufficient to produce coagula- 
tion of the entire mass of blood in the sac. In others, a number 
are required. In this event, the sittings may be repeated eveiy 
ten to fifteen days. Anaesthetics are rarely, if ever, necessary. 

DISEASES OF THE ABDOMINAL ORGANS. 

The galvanic, faradic, or combined currents passed through 
the abdominal walls cause contraction of the muscular coats of 
the stomach and intestines, and may in this way act favorably 
in torpidity of the gastro-intestinal tract, dilatation of the 
stomach, chronic constipation, etc., or even, by producing regu- 
lar vermicular movements, may cause restoration of displaced 
gut in invagination or hernia. 

Neuroses of the Stomach and Intestines. — Gastralgia, enter- 
algia, and colic often yield to the galvanic current. The anode 
(large, moist electrode) is placed over the seat of pain, and the 
catliode over the spine, or an indifferent point. Strong currents 
may be required to arrest the pain. Central and subauml 
galvanization are sometimes useful, especially in gastralgia. 
Energetic applications of faradism by means of the dry faradic 
brush over the epigastrium are often effectual. 

The treatment should be persisted in during the intervals 
of tlie attacks. Daily sittings of ten minutes' duration, using 
weak currents gradually increased and decreased, or swelling 
faradization may be employed. 

Nervous Heart-burn and Nervous Dyspepsia. — Most prac- 
titioners now recognize a fomi of dyspepsia, not dependent upon 
stnictural lesions of the stomach, or tangible dietetic error. 
This, whether considered merely as a symptom of general 
neurasthenia, or as an individual affection, none the less often 
requires individual treatment. In these cases, in addition to 
regimenal measures, electricity is often of great service. The 

21 
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galvanic current employed in the forms of central, subaural, 
vcrU'bro-epignstric galvanization; transverse faradization 
Ihriulic batlis, or stsitic electricity in the forms of insulation 
static breeze are all indicated. 

Intestinal "nervous dyspepsia" acpompaiiicd by flatulci 
entcraigia, frequent diarrlncas, etc., should be treated upon 
same i)rincii)lcs and by similar raetliods. 

Nervous (fteffexj Vomiting — Vomiting of Pregnancy. — la 
oft('n troublesome symptom tlie application of electricity 
often bring about a promjit cessation of the vomiting. ' 
methods are galvanization or faradization from the cervical sj 
to the epigtistrium. Both poles of the faradic battery may i 
be placed over the right and left hypochondriac regions, and 
current passed from side to side. Mild currents from the cei 
uteri to the spine liave also l»ccn used. In addition to tl 
local applications, subaural or vagus galvanization may be Ui 

Atony and Dilatation of the Stomach. — In the trcatm 
of this condition von Ziemssen lias reported most encourag 
rL'sults, confirming those of Onimus, Neft:el, De Watteville, i 
otli(?rs. I>an^e electrodes are employed, one being placed o 
the left hyijorhondriac region, somewhat posteriorly, and 
other in the epigastrium. Strong faradic currents, frequet 
interrupted, or gnlvano-laradization should be employed. Di 
sittings of five to ten minutes arc recommended. Other measu 
for tlie relief of the same condition (lavage, dietetic r(^iilati< 
should be combined with the <?lectrical treatment. Galvanii 
employed in the same way as faradism, has also been used w 
success. Some practitioners use an intra-gastric electrode, api 
ing the other over the region of tlie stomach externally, bul 
is doubtful whether much better results are obtained than wl 
the [icrcutaneous method is employed. If the internal met! 
is employed, the stomach should first be filled with water 
promote the diffusion of the current and prevent too intei 
irritation of the portions of the mucous membiane touched 
the electrode. 
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Intestinal Obstruction. — When tliis is due to atony, or paral- 
ysis of the intestinal walls, electricity is the rationally indicated 
remedy. Galvanization, faradization, or galvano-faradization may 
be used. The usual method is to insert one electrode into the 
rectum and apply the other labile over the course of the colon. 
Tlie faradic current is usually employed, although galvanization, 
with voltaic alternatives has also given successful results. When 
the galvanic current is used, care must be taken to prevent 
electrolytic action by the rectal electrode. Lead coUc yields to 
the same methods of application of electricity. 

In intestinal obstniction following invagination, electricity 
has likewise been used with marked success. Various methods 
are employed, most of them being similar to those mentioned in 




T 

FlO. 231— BOUDET'S iNTESTINAIi ELECTRODE. 

tlie preceding paragraph. Dr. Boudet, of Paris, has deviled an 
intestinal catheter-electrode, which has been used with success 
by himself, Rapin, and others. It is shown in Fig. 234. M is 
an hisulated catheter with an exposed tip, S. This is connected 
with the negative pole of the battery by means of a contact 
screw shown at (7. 7^ is a rubber tube through which salt 
solution can be injected or infused into the intestine. The in- 
strument is inserted well up into the intestinal canal, and about 
a quart of warm salt water forced into the gut. The anode 
consists of a large electrode about five inches square, which is 
applied to the back. A current of 10 to 60 milliamperes is 
used from five to ten minutes. The current may be reversed or 
interrupted at intervals. The faradic current may likewise be 
used by this method. 



324 PRACTICAL ELECTRiaTT IN MEDICINE AND SUB6EST. 

Habitual Constipation. — This troublesome and frequent d 
order yicMs in iiuiiiy oiises to tlic proper employment of eli 
tricity. The ni(>tliodR of applicntion vary, and success has be 
obtained with all. Both electrodes may be applied to the t 
domiiial walls and moved al>oiit in a way to make tlie cune 
pass through the ubdominal cavity and its conteuts. When t 
{jalvanic ciirient is employed, the anode may be applied overt 
spine, and the cathode moved over the abdomen along t 
course of the colon. The current may frequently be rcvcR 
or interrupted. In obstinate cases, Erb IbUows the galvanics 
plication witli faradization. Both currents may be combin 
after the raiinner of l)c AA'attcville. The apparatus of Boud 
shown on preceding page, may also lie used in constiiiatioo. 
most cases a rectal electrode, combined with abdominal fkrai 
zation,«'ill yive very good n'sults. The sitting should be i 
peated daily. Improvement in the tone of the intestinal walls 
gradual, but mrely fails to ibilow the proi)er use of the remcd 

Prolapsus Ani. — This condition has lieen repcsitedly trcafc 
with sucmiss by the various methods of local electrization. Oi 
vanic, or tamdic, or combined currents from the spine or abd 
men to tlie rectum, or from the sacrum to the perinseum, Jia' 
proven cunitive. The famdic current is the rationally indicat 
one. 

Stricture of the Rectum. — Tlie euro of stricture of the r€ 
tum by means of clectroly.sis has betni the subject of considf 
able discussion among Mu-gcons. A numlxr of cases of su 
ccssjiil ()i«'rati()n has be(?n rc]>orted by comiwtcnt observers, ai 
the procedui-e may be rpgnrd<'d as an established one in su 
gerj'. In a pajK-r read before tlie American Medical Associ 
tion in 1H!S9. I)r Robert Newman reviews the whole questio 
and gives a history of all rciMn-tctl cases. The strictuies mo 
amenable to electrolysis arc the infiltnitcd ones so frequent 
the result of late .syphilitic lesions, and which are not readi 
amenable to any other safe method of treatment. The electi 
lytic metliod is safe, comparatively painless, and infinitely le 
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tedious tlian the ordinary method of dilatiition with flexible 
bougies. 

In treating a case of rectal stricture with electrolysis, the 
size of the stricture should be first carefully measured by means 
of bulbous sounds, or, in default of a better instrument, with 
Otis' urethrameter. Electrodes of proper size and shape (Fig. 
2^5) should be procured, and at the fli'st sitting one a few 
millimetres larger than the lumen of the stricture should be 
employed. The electrode should be attached as cathode, placing 
the auode in the form of a large cotton-covered plate electrode 
upon the thigh or sacnim. A current of from 5 to 20 niilliani- 
peres may be employed, and the sittings last fram five to ten 
minutes. The rectum sliould first be washed out with an anti- 
septic solution, and if the strictured portion is very sensitive a 
solution of cocaine may be thrown in before beginning the sit- 
ting. If the electrode has been properly selected and the strict- 
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ure is amenable to electrolytic treatment, the soimd will usually 
pnss the strictured portion of the gut within five minutes. The 
patient may take a hot sitz-bath after the operation, but no other 
application need be made. There is sometimes some irritation 
and soreness in tlie rectum, particularly if the stronger currents 
ha^'e been employed. Sittings may be repeated weekly unless 
the reaction is severe. The size of the electrode must be grad- 
ually increased as the strictured portion of tlie gut is widened, 
but patience is the first of virtues here, for if attempts are made 
to dilate too rapidly, either by increasing the size of the sounds, 
decreasing tlie intervals between sittings, or using too strong 
currents, failure or disappointment are likely to result. 

Hcemarrhoids. — The coagulating pro])erty of the positi^■e 
pole makes tlie electrolytic current a valuable means of treating 
hiemorrhoids. While not as prompt or effective as the clamp 
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and cauterj- mctliod of ablation, electrolysis gives much mc 
promise of success thau the various methods of injection of coa 
ulatiiig or irritant substances, such as carbolic acid, ergot, iodii 
tincture of chloride of iron, etc. The positive electrode, area 
with a needle, should be used, tlic cathode consisting of a larg 
moist platc-electroUe applied to the buttock or sacrum. Tl 
current may be from ten to twenty milliamperes. The catho 
is first applied to the desired surface, and iixcd in position; tb 
the needle is inserted in one of the tumors and the cunp 
gradually increased to the desired sti-ength. The current shou 
be allowed to pass until all the blood in the licemorrhoid is s 
lidifiod, when the current is decreased to zero, reversed, ai 
allowed to jKiss for a minute or two in order to loosen tl 
needle. Steel needles are not applicable, those made of go 
or platinum being the best, as they are not attacked by the fluii 
around the positive pole. Each separate pile should be thi 
attacked and its contents soliditie<l. This need not be done 
one sitting, but may be divided among several sittings at inte 
vals of a week. Swelling, i)ain, or intltimmation may be cor 
bated by liot-water applications. The at\er-trcatnient must 1 
conducted on general antiseptic principles. 

Portal Congestion. — Galvano-faradizatiou of the right hyp 
choiidriac region gives some promise of success. 

Catarrhal Jaundice. — When the trouble is obstinate, fonit 
zation of tin; gall-bliidder, or nither of the abdominal wall abo' 
the g-.dl-blailder, may Iw useful. Gerliardt has reported a ca 
in which all other measures tried failed to rtdicve, but wht< 
yielded to abdoraiiuil faradization. The explanation given 
that the compression of the gall-hladdcr by the contractir 
abdominal muscles for<:ed a way ibr the bile through the contoK 
duct. 

Enlargement of the Spleen. — Tlie enlargement of the splc* 
following chronic malarial poisoning and typhoid ibvcr viel 
in the happiest manner to faradization . Tlic methods used a 
eitlier percutaneous liiradization, with lai^e, moist electrodes ov 
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the splenic region, or the dry faradic brush applied to the ab- 
dominal walls. In the latter method each electrode is armed 
with a brush. The sittings are repeated daily and last about 
three minutes. The decrease in size of the splenic tumor is 
measumble by percussion, and is said to be permanent. Chvos- 
tek and Lewandowski report success in from 75 to 80 per cent, 
of the cases treated. 

Ascites, — ^Abdominal dropsy from whatever cause may often 
be temporarily caused to disappear by electricity. Most ob- 
servers who have treated ascites by this agent have employed 
tlie faradic current. The secretion of urine is increased and tlie 
dropsy rapidly disappears. Where the efiusion is due to struc- 
tural diseases of the liver, heart, or kidneys, permanency of the 
effect cannot, of course, be expected. The galvanic current 
should a prion offer even better results. 

Diabetes Mellitus and Insipidus, — Several cases have been 
reported in which beneficial effects have followed the applica- 
tion of electricity in these diseases. Neftel, Beard, and Le Fort 
have seen marked improvement in diabetes mellitus, following 
subaural and spinal galvanization. Central galvanization would 
seem rationally indicated. Eanney has seen improvement follow 
static insulation in similar cases. 

In diabetes insipidus successful cases are reported in con- 
siderable number. Galvanization and faradization of the renal 
region has been used with success. Erb advises central and 
subaural galvanization and general faradization, in addition to 
the local application of the current. 

DISEASES OF THE FEMALE GENERATIVE APPARATUS. 

At the present time the use of electricity in the diseases of 
women is one of the great medical questions of the day. Al- 
though this agent has been employed for many years in the 
treatment of female sexual disorders and in obstetrics, it is 
mainly due to the labors of Dr. George Apostoli, of Paris, that 
the question has assumed its present commanding position. 
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While Tripier, Althaus, Cutter, Neftel, Dixon Mann, Beaid, and 
Rockwell preceded Apostoli, and " blazed the way,'* as it were, 
the latter is regarded, and with justice, as the creator of the art 
of scientifically applying electricity in diseases of the female 
pelvic viscera. 

The remarkable results reported by Apostoli as having fol- 
lowed the use of strong galvanic currents (100 to 250 ma.) in 
uterine fibroids were at first received with incredulity by g}"ii«- 
cologists. However, the adhesion of Sir Spencer Wells and Dr. 
Thomas Keith, unquestionably the foremost gyn8ecoIog;ical sur- 
geons living, to Apostoli^s views and methods of treatment have 
placed the latter upon a plane where they demand the attention 
of all progressive pmctitioncrs. 

And this attention is not withheld. In the United States 
and Great Britain the gynaecologists seem to be divided into two 
hostile forces, one having faith in the power of the electric cur- 
rent to correct many of the morbid conditions of the female 
sexual organs, while the other denies all virtue to this remedy, 
or allows it standing merely in the relief of certain " functional" 
difliculties. It is worthy of remark, however, that in general 
the adherents of the electrical treatment are those who have 
studied and made personal trial of it, while its opponents and 
contemners are men who have never investigated it fairly, or 
who consider it beneath the dignity of a " surgeon ** to meddle 
with such gewgaws as batteries, electrodes, and milliami>ere^ 
meters. The intelligent and thinking reader will lye able to de- 
termine without difficulty which of these two classes is entitled 
to the great(»r credit. 

The electrical current is used in one or other of its forms 
hi most of the diseases peculiar to women. In some affections 
it is still employed empirically, as it is in the diseases of the 
nervous syst(Mn and other organs. In some, however, the indi- 
cations have been rationally formulated, and precise directions 
for the kind of current and manner of application have been 
laid down. 
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AmenorrhtBa. — As is well known, this may be due to en- 
tire absence, defective development, or temporary- pathological 
condition of tlie organs necessary to the production and excre- 
tion ol* the menses. In the first case electrical treatment will 
be of as little avail as any other method, bnt in the second and 
third much benefit may be; exiH;cted I'rom tlie proper employment 
of electricity. Both galvanic and faradic currents are usei'id, 
and static electricity has been employed with success. 

The methods of application are, for the faradic current, 
general faradization, dorso-abdoniinal faradization, and the dry 
bnisli to the abdominal walls, the insides of the thighs, or the 
Bolcs of the feet. 

When galvanism is nsed, central and subaiival galvaniza- 
tion, galvanization of the spine, currents from the lumbar region 
to the pubis, and intra-uterine negative galvanization are the 
methods employed. 

Although it is probably more effective to apply the elec- 
tricity to the uterus, either directly or through the abdominal 
■walls, electro-therapeutists generally agree that electricity applied 
to a distant part of the body increases the menstrual flow, or 
may stimulate it when it has been arrested. Hence, central and 
subaural galvanization are often all that is required to restore 
the menstrual (unction, if the arrest is not due to a physiological 
cause (pregnancy). 

Dysmenorrhcea. — The hooks describe four or five different 
classes of dysmenorrhcea. The electrical treatment is more or 
less cff'ective in all, but modifications in the methods of appli- 
.mtion are necessary to secure the best results. It will he ad- 
.Tisable to consider the Uitferent kinds of the affection seimmteiy. 

Obstructive DysmenorrJuEa. — When this is due to stenosis 
of the cervix, the galvanic current, ivith the cathode in the 
cervix, is indicated. A large, well-moistened electrode (about 
fifty square inches) is applied as anode over the abdomen. 
The current strength emjdoyrd may vary from 10 to 30 niilH- 
amperes. Sittings should last ten minutes, or until tlie electrode 
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[msses the constriction. The electrode is an insulated soni 
shown in Fig. 2>3(>, and fitted with tijM of different sizes. 

Sittings should begin about a week after the menstn 
period, and be repeated once or twice a week until a patulo 
canal la secured. Occasional sittings should be had in t 
internals between successive periods in order to maintaiu t 
patency of the cervix. 

Fia. 281— Ub. FBI'S IlfTRA-rTKMHK EI.BCT1WIW FOB BTBMtWIH. 

Dr. T. A. Ashby, of Baltimore, claims that the anode us 
in a -similar manner gi\es equally good results. The genei 
opinion among gynaecologists who have tried electrolysis I 
cer\'ical stenosis is that it is lar snjKrior in its action to foicit 
dilatiition with tents or steel dilators, or discission of the os. 

Acute flexion of the uterus is also oilen a cause of obstm' 
ive dysmenorrhu'a. In those cases electricity is used in t 
same manner as tor stenosis. Tlie uterus Is gradually strnigl 
ened out, and if the treatment is continued sufficiently long t 
weakened segment of the uterus at the point of flexion see: 



FlO. 237.— APOHTOl.I'8 ]lllM}I.A» InTRA-VTEIII-'W ElBCTBODB FOR FakADIC CntBKT 

to tieeome strengtliened, and tlic normal position of the org 
is maintained without other support. Massey* reports a cs 
of sharp anteflexion cured after four sittings. The i>ositivc p< 
was used in the uterus, and strong currents (35 to 80 milliai 
peres) applied for two to tlii-ee minutes. 

Apostoli uses in the same condition faradization with a 1 
polar electrode. Tlie current of t!ie secondary spiral (*' curre 

* Uncclrlcily in the Uteenses of Woiuiui, p. 
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I of tension ") is employed by him. By the use of this electrode 
I (Fig. 237) Apostoli claims that the current is not dispei'sed, but 
I limited to the uterus and surrounding tissues, just where its 
I effects are desired. As this tiiradic current has no electrolytic 
•or cauterizing action its strength is entirely regulated by tlie 
I sensations of the patient. Sittings of from five to twenty minutes 
I are proper. Lumbo-abdominal faradization has also been suc- 
■.cessfully employed. 

Congestive Dyamenorrlnea. — In this form of painful men- 
' struation the faradic current, either intra-uterine (ApostoH's 
method), or from the lumbar spine to the cervix, or dry faradic 
brusli over the abdomen, or galvanism from the cervix to the 
abdomen or spine may be used. Anude to cervix, cathode ex- 
ternally. When galvanization ia employed, weak currents and 
short sittings dally should be the rule. 



I 



POLAR VAOINAI, Ki-ECTHQDE FOB FARAUIP CCRaKNT. 
I 

Ovarian or Nenious DysmennrrlioBa. — In the cases where 
the jiain is particularly localized in the ovarian region, and is 
unaccompanied by febrile disturbance or other evidence of iu- 
fliiraraation, the faradic current, according to tlie method of 
Ajrostoli, eitlier intra-uterine or vaginal, may usually be rcHed 
on. Where the intra-uterine electrode cannot for any reason be 
employed, a similar bipolar vaginal electrode (Fig. 238) is used. 

The anode treatment of painful ovaries or local static elec- 
trization in the form of sparks may also be employed. The gal- 
vanic current may be localized in the neighborhood of tlie ovaries 
■by using Munde's ovaniin ball-electrode. The current maj' also 
■be used externally to both ovarian regions by using Murray's 
[double ovarian electrode (Fig. 239). 

Memhraiions Dysmeiiorrhoett. — This may be regarded as one 
.form of obstructive dysmciiorrhoca, but the tixiatmcut most 
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applicable is active intra-uterine "chemical cauterizatioD,'' 
advised by Apostoli ibr endometritis.* 

Non-periodic or constant pains, referred to the pelvic ■ 
Cera, and dependent either upon inflammatory, congestive, 
neurotic conditions, uterine or ovarian displacements, often vi 
in the happiest manner to galvanism — anode to painful peril 
cathode external — or to faradization according to Apostoli. 1 
writer regards even acute perimetric inflammations as not coD' 
indicating the employment of tlie faradic current. In the ac 
stages the bipolar vaginal electrode should be used ; when 
inflammation has somewhat subsided the intra-uteiine cun 




Fm, 23H.— MUHnAT'B Ovabiam Elbctbohh. 



should he brought into requisition. The measure of the stienf 
of the fiiradic current used slinuld be the sensation of the i 
tiont. Tlie sittings may continue from five to twenty minut 
or until tlio i«iti(nit expresses some sense of relief from pa 
Sittings should be dnily or twice a day. 

Endometritis. — In this affc'ction, likewise, Apostoli li 
made a distinct advance by his method of \ising strong elccti 
lytic, or, lis ho terms tliem, cliemieal gah-ano-caustic cunen 
In cases att(^nded by mueli hiemorrliage or other discharge, 
uses the jjositive pole in the uterus and the negative to the a 
doracn. In otlier cases the poles arc reversed. This method 

• Sm infra. 
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I'tased upon the well-known fact, before referred to, that thy 
tositive pole of tlie galvanic current arrests liEemorrhagc ; hence, 
Apostoli calls it tlie litemostatic pole. 

As an intra-uterine electrode he employs a sound insukted 
near the point by means of a celluloid cannula, which is 



I 



FlO. Sift— GOELET'a In 

pushed over tlie sound. The exposed portion of the sound 
must be of platinum or gold, in order to resist the action of the 
flnids when used as the positive pole. Dr. A. 11. Goelet has 
recently described a uterine electrode ninde of steel, treated by 
a peculiar process, which is said to render it non-cnn'osive. 
This electrode with interchangeable tips is shown in Fig. 240. 
It can be used either as cathode or anode, and is much cheaper 
than a platinum or gold sound, and more durable than gold or 
aluminium. 

Tlie external electrode employed by Apostoli is a large, 
soft plate of clay, which is applied over the abdomen and con- 




Inected as anode or cathode, accordingly as the negative or posi- 
Ifive pole is in the uterine cavity. This electrode is made large 
land applied snugly to the surface of the abdomen, in order to 
^thoroughly diffiise the current as it passes through the skin, and 
I prevent any destructive effects at that point. The clay electrode 
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of Apostoli (Fig. 241) is somewhat awkward to handle, and 
various modifications of it liave been suggested or employed. 

Fig. 242 shows Goelet's rhiy electrode, wliich is more cleanly 
and less inconvenient to handle. The rlav is first worked to the 




consistence of putty, then rolled ont into a flat cake and 
enveloped in a layer of absorbent rotton, covered with linen 
crash. A back of soft rubber is applied, by means oi" which 
it can be handled, and the patient's clothing kept dry. The 
metal contact- plate is pressed into the clay under the cotton. 
By means of a binding-post attached to this plate the electrode 
is connected with the connecting cords. 

Another abdominal electvode for use in the Apostoli treab- 
ment is one devised by Dr. FrankUn H. Martm, of Chicago, and 




made by the Mcintosh Faradic and Battery Company (Fig. 243). 
It consists of a nickel-plat^ concave plate, covered with a mem- 
brane and having an insulated rira to prevent contact between 
the metal surface and the skin. "When used, about a pint of 
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warm water is poured into the receptacle formed by the concave 
plate and the membrane, through the nozzle shown in the figure. 
The membrane allows the transudation of sufficient liquid to 
keep it moist, and, as nothing but water is used, the apparatus 
is exceedingly cleanly. Dr. Martin claims that a very powerful 
current can be used with this electrode without producing any 
pain or destnictive effects upon the skin. 

The strength of current employed by Apostoli and other 
gynaecologists who have adopted his procedure is from 100 to 
250 milliamperes. The duration of the sitting is from three 
to ten minutes. After the application there is often a sanguin- 
eous discharge from the uterus for several days, but there 
is rarely much febrile reaction if antiseptic precautions have 
been observed. The applications may be repeated once every 
week or ten days. The number of sittings required for the 
cure of the affection varies from three to thirty, according to 
the clironicity of the case. 

Menorrhagia and Metrorrhagia. — These conditions or symp- 
toms are frequently dependent upon endometritis, fibroid tu- 
mors, subinvolution, periuterine inflammations, or malignant 
growtlis of tlie uterus. In the first three the intra-uterine elec- 
trolytic method, above described, is usuallv beneficial. The 
positive pole arrests the haemorrhage. When due to periuterine 
inflammations, or merely to a relaxed condition of the uterine 
tissues, faradization is indicated. In some forms of malignant 
disease of the uterus electrolysis may be taken advantage of as 
a haemostatic, as well as for its trophic effects. 

Inflammation of the Uterine and Periuterine Tissues and 
Uterine Appendages (Metritis, Peri- and Para- metritis, Salpin- 
gitis, SalpingO'Ovaritis). — Apostoli uses the faradic current in 
this class of inflammatory affections. No stage of the inflam- 
mation, even the most acute, contra-indicates the employment 
of the current. During the acute stage the bipolar vaginal 
electrode (Fig. 238) is used, being applied against the area of 
severest local pain. 
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After the acute symptoms have subsided the intraouteii 
bi\>olar electrode (Fig. 237) is substituted. The sittings last fii 
five to twenty minutes, and should not be terminated until 1 
jmtient declares of her own volition that the pain is dimini^ 
Strict antiseptic measures should be carried out before, durii 
' and after the applications. The sittings may be repeated dai 
or twice a day when the pain is severe. 

After the pain has been for the most part relieved, — thai 
when tlie case may be said to be in the chronic stag^, — the { 
A'anic current is substituted, using the positive pole in the utei 
Tiie intra-uterine electrode of Apostoli, Fry, or Groelet may 
used. Externally, the dispersion electrode for lai^ cune 
(Apostoli's, Goelet's. or Martin's) may be applied. At t 
mild currents, 10 to 30 milliampercs, and sittings of two 

Pin. 244.— GOSLKT'S CTIRIITE PrritCTOBE NEBDT.K 

three minutes' duration twice a week should be employ 
The strength of tlie applications and duration of the sittii 
may gmdually be increased. 

When the inflammatory symptoms have subsided entire 
and tlie exudation, scrum, pus, or plastic material alone remai 
tlie next step of the procwlure arrives, namely, galvano-pimctu 
Tliis is made from the vagina after an antiseptic irrigation, i 
ileaAoring to strike the tumor at its most depending part in on 
to seciia' free drainage. The platinum needle-electrode 
Ajiostoli witli a celluloid cannula as insulating g^ard, oi 
modification of tlie same by Dr. (joelet (Fig. 244), which 
niucli ciieaper. may be used. The insulating cover, B, is moval 
and ma\- be fixed at any jiosifion by the set-screw, O. In t 
way the depth to wliich tlie spear shall penetrate can be d 
nitely fixed before tlie puncture is made. Goelet {>refers to i 
a sjwcnluin to make the puncture, but Apostoli and other pi 
titioners think tliis unnecessary. The puncture Is made ab 
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a quarter of an inch in depth, and the posterior cul'de-sac is the 
point of election. 

In his hitest paper upon this subject, ApostoH gives* a 
careful review of his experience for the last seven years and full 
statement of his method of application. His conclusions are as 
follow : — 

"1. Faradization, under the form of a current of tension, 
made by the long, thin wire, calms the nervous system, moder- 
ates its excitability, assuages or cures pain, but is often powerless 
to arrest an acute phlegmasia ; its action is purely dynamic, and 
it acts, as opium acts, during early inflammatory stages, but is 
powerless to arrest the evolution of inflammatory processes. The 
current (faradic) of tension is the only one tolerable, and indi- 
cated in acute and subacute forms. A current of quantity is 
less efficacious and less tolerable, except in rare cases of chronic 
exudates, where, in acting upon the interstitial circulation, it 
aids re-absorption to a certain extent. The electrode should 
generally be the bipolar, to better localize the electric action, 
either in the vagina or in the uterus. All other things being 
equal, the uterine application is by far the most useful. The 
application should be in moderate doses without shock, and 
more gentle as the inflammation is more active. The stances 
should be daily at first, lasting from five to twenty minutes, and 
the dose progressively augmented as the patient can bear it. 

"2. Galvanization, or," rather, intra-uterine chemical caus- 
tiqne, is much more powerful than faradization, and will often be 
sufficient of itself in cases of ovaro-salpingitis. It is a most 
excellent way of changing in part or in whole the entire lining 
membrane of the uterus, and of setting up peripheric changes 
by derivation. The faradic current excites the nervous and 
muscular systems after the manner of a mechanical force, by 
interruptions and shocks. The galvanic current, however, is a 
])hysical and chemical force, at once caloric and trophicj and 
brings each of its factors into action separately or togetlier, as 

* The Treatment of Salpingo-Ovaritia by Electricity. Jaum, Am. Med. Au'n, July 27, 1889. 

28 
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drsircd. All biiinry compounds and those of greater com] 
tioii will tend to dcoomjtosition, and this decomposition, c 
electrolysis, ivill be in projjortion to the electric enei^* ) 
out, and to tlie length of time of the application. Tliis i 
stitiiil Iirciiking up of tlie elements, which will be preceded 
diff('n;nt orienbition in the iwlarizatioii of the organic niolec 
tends, on tlie one hand, to bring aroimd the positive pol 
acids and oxygen, while the bases and nitrogen go to the neg 
pole. Applied in a given region the galvanic current acts lo 
and genemlly; carh |>ole has its undivided caustic action- 
one acid, the other basic. The current is felt in the inter] 
zone, engendering trophic changes, and tending to the resoh 
of certain patliological conditions. 

" Tlie doctor of to-day who has not kept apace with 
advance of gAna'cologieal science lauds to his utmost the cur 
which first saw the light in Fnnice, but has long since fi 
into desuetude in the land that originated it Without wis 
to discredit a sm-gi<:al procedure of vahie in certain conditi 
the superior advantages of the intra-nterine galvanic current 
beyond dispute. 

"('() It is simple and easy of application, requiring 
assistant, and may be used by any one, no matter how ] 
experience he has in gynajcology. 

"(/») IJehig but slightly painful, chloroform is not nee 
this being only demanded in certain'cascs of puncture. 

"('•) It is valualile among working-women, as a s 
period of repose alone is ner-essary after the application, ins 
of liours and pt-rhaps days in bed. 

"(</) It can be gradually and gently applied by progi 
ively increasing the strength, and is less bratal than the cur 

"(r) It is not contra-hidicated hi any acute case of infl 
mation, the sole caution being to use extra care, and to inci 
the strength only as the imtient is able to bear it. 

"(/) It is an agent which, instead of being blind, o. 
in a precise and mathematical manner the hand applying 
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that is to say, one can measure and administer it, and at the 
same time have an exact record of the amount of cauterization 
produced, to whicli three things conduce: the general intensity 
made use of, the density of the active electrode, and the duration 
of tlie application. 

"(</) It is an active force, which will produce an active 
result localizable at will, and which may be concentrated upon 
any part of the uterine lining-membrane desired. 

"(A) It is absolutely harmless if proper antiseptic or 
aseptic precautions are made use of. 

"(i) According to the intensity and duration its action 
can be varied, and also according to the active pole made use 
of; it may be made acid by using the positive pole and basic by 
using the negative pole. 

"(ji) Apart from the curetting action of the chemical gal- 
vanism, which one can easily see, there is a more profound action, 
trophic and vital, and which is propagated along the whole 
organic circuit between the two poles. Thanks to this last con- 
sideration, above all in the treatment of salpingo-ovaritis, this 
chemical galvanism has a power far above surgical curetting, 
chiefly in reaching the uterine parenchyma and adnexa. 

"(/:) If surgical rdclage often results in frequent returns 
of the disease, causing anatomical and functional troubles which 
it hoped to combat, I can affirm that these results are much less 
frequent by the electrolytic treatment, which may require several 
seances to produce a lasting effect, but which good results, as I 
have had reason to observe in my clinic, last for many years after 
the cessation of all treatment. 

" The operative technique is already sufficiently well ex- 
plained in my various brochures upon the electric treatment of 
fibroma and endometritis. I shall content myself with giving 
you merely the salient features of the treatment of ovaro-salpin- 
gitis. The positive pole always causes less congestion than the 
negative, but the latter is more valuable to promote resolution. 
The positive pole should be used generally in the commence- 
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mcnt, and, once liavinj^ passed the first stage of toleration, the 
negative pole should be substituted. The dominant preoccupa- 
tion which should make us cautious m treating salpingo-o^^tis, 
and which is sometimes difficult of recognition, is the fear of 
finding ourselves in the presence of a pyosalpinx, which a lai^ 
dose of gah-anisra would aggravate; so, when in doubt, hegin 
very gently with a mild current to test the susceptibility of the 
uterus and periuterine tissues, then increase with the patient's 
tolerance and according to clinical indications. One may begin 
wdth 20 to 40 milliaraperes. If the intolerance is g^reat, respect 
it and do not increase; if well tolerated, increase from 100 to 15(1 
milliamperes. Here clinical dia,gnosis must be called in to 
differentiate between hysterical intolerance that need not he 
heeded and an inflammatory intolerance which must be re^ 
spected. The sittings should not be too frequent. In the initial 
treatments they are frequently followed with a reaction more or 
less intense, which may last several days; generally we should 
wait until calm is re-established. Sometimes the sSuiices mav be 
given once or twice a week, sometimes only every fifteen days. 
The same reasons must <ifuide the doctor as to the lensrth of a 
seance; sometimes they should last three minutes, and some- 
times five to eight minutes. 

" 3. 1 now come to the third division, the most efficacious 
of all, the penetration with the galvanic current of one of the 
vaginal cvMe-sacs at the nearest point of the inflamed region. 
I mean viujlual (jaloa no-piutctiire. Tliere are two clinical indi- 
cations, the one of choire^ the other of nece^sitf/. The indica- 
tion of choice presents itself wlien one finds himself in presence 
of a salphigo-ovaritis which has not been sufficiently ameliorated 
by tlie intra-uterine galvanism. It is necessary then to penetrate 
the mass in the point the nearest possible to the diseased siwt, 
in order to lose notlung of electric force, which now should 
seriously concunn itself with the suffering point. Theoreticallv 
the application, well made, should be most efficacious, and no 
doubt rests in my mind that such is the case, for the reply of 
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all tlic patients who have submitted to this plan is that the 
punctures were much more painful but much more efficacious, 
because often one puncture gives more relief than many simple 
intra-uterine appUcations. The indication of necessity for gal- 
vano-puncture is when a fluctuating tumor impinges upon the 
vagina, and which should be drained antiseptically through the 
vagina. 

" x\lready many years ago I gave the rules for the essentials 
of galvano-puncture. I will only now cite the chief points: — 

" (d) Here, as in all electrical treatment, be it faradic or 
galvanic, one should precede everything with thorough antisep- 
sis, preceding and following every operation with an antiseptic 
vaginal irrigation, either of sublimate, carbolic acid, creoline, or 
naphtliol. Between the sSances we shall do well to close the 
vaginal cavity with iodoform gauze (or sublimate or salol gauze), 
to insure perfect asepsis, as well as to prevent sexual congress, 
which should be suspended. 

"(&) With the preceding electrical treatment it is not 
necessary to remain in bed. I exact from my patients only one 
or two hours of repose aft;er galvano-caustique, without denying, 
however, that a longer period might be beneficial. Gralvano- 
puncture, however, requires at least three days of rest in bed 
after each puncture. 

"(c) The trocar carrying the current should be the 
smallest possible, but of sufficient resistance not to be easily 
broken. Steel is the best, because it penetrates easily. 

"((?) The chief point is the depth of the puncture. A 
sliglit puncture of a half'Centim^tre^ as an average, suffices to 
make a door of entrance for the current in the region which it 
is to traverse. Deeper punctures do not suffice any better to 
attain such an end ; on the contrary, as I have seen, they may 
be dangerous. I proscribe all punctures over one centimetre. 

"(e) Where make the puncture? Questions of choice 
and necessity here come up. The choice is to puncture as near 
as possible the diseased portion, but necessity forces us to avoid 
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at all cost the anterior cul^de^aac on account of the bladdeL 
The lateral, and, above all, the posterior regions are the most 
favorable for the puncture. I make them oflenest in the pos- 
terior cul'de'^sac^ in the middle of the pouch of Douglas, direct- 
ing the axis ol* the instrument toward the uterus in order to 
avoid the rectum. 

"(/) This oi)eration, much more painful than galvano- 
caustique, is often tolemted by certain women, but in otheis 
chloroform will be required. 

"(gr) I never use a speculum in this operation, which can 
only be well and delicately carried out as follows : One fixes at 
first the exact length of the puncture, by turning the screw and 
advancing the steel point to the required length beyond the 
celluloid; then, having fixed with the index finger the exact 
point to be punctured, and having made sure that there is no 
arterial pulsation, one slides the celluloid up to the point, which 
serves as the conductor for the trocar, which is then plunged in. 

"(A) Tlie number of punctures demanded is variable. 
Some cases of hydro- and catarrhal salpingitis yield to one 
piuicture, some require three or four, and tubercular tubes even 
more. 

" Generally these cases require much longer periods of in- 
termediate repose than cases of galvano-caustique, because at 
their commencement they are often followed by Hi severe re- 
action, which may last many days. The application sliould not 
be renewed until all the symptoms have disappeared, 

"(/) As to intensity and choice of poles I repeat what I 
said just now Avhen speaking of intra-uterine galvanization. 
The intensity will vary from 20 to 50 milliamperes. To go 
beyond this is to go beyond the point of tolerance, and chloro- 
form sliould be used. To create a temporary vaginal fistula 
100 to 250 milliamperes will be required. 

"(j) The puncture should generally be positive at first, 
because it is more tolerable and less exciting than the ne^nitive. 
This latter is employed when a more powerful action is de- 
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manded. Especially in presence of a fluctuating tumor point- 
ing into the vagina, in which a fistulous tract is to be made and 
vaginal drainage established, is the negative pole demanded. 

" (k) Should febrile excitement arise all treatment is to he 
suspended. One may think himself in the presence of pyosal- 
pinx if it points into the vagina, and a puncture is not contra- 
indicated ; but if it is high up, not accessible, and far from the 
vaginal culrde^aac^ a deep puncture, which might cause an 
evacuation into the cavity of the peritoneum of the sac, is to be 
avoided. It is here that surgery must step in to carry out its 
legitimate functions. 

"My clinical experience, which is now seven years old, has 
given me many cases of salpingo-ovaritis, which I hope later on 
to tabulate. I shall content myself now with some results of 
my treatment. Every salpingo-ovaritis will generally be suit- 
able for appropriate electrical treatment, and this should be the 
conservative method of choice; it is sovereign in catarrhal sal- 
pingitis, only calmative in tubercular salpingo-ovaritis, and in 
certain pus-tubes may be of great service. Whatever electric 
treatment is made use of, it should be continued until the 
patient pronounces herself cured of her symptoms, and until 
an examination has satisfied us that the anatomical change is 
considerable. Surgical interference should never be resorted 
to until after all electrical resources have been exhausted. Cas- 
tration, which morally and physically mutilates a woman after 
an incurable fashion, and only cures radically in a fourth or 
fifth part of the cases, should be only an operation of necessity, 
never of choice, and should be regarded as a last resort. Elec- 
trical conservative therapeusis, harmless, easily applied by any 
one, and which does not pretend to €ure every case of salpingo- 
ovaritis, finds its greatest triumph in rendering a subsequent 
conception possible, as I have seen in several of my patients." 

Uterine Displacements. — Reference has already been made 
to Apostolus treatment of flexion by means of faradization, and 
the application of the constant current for the same purpose. 
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Other forms of displacement, especially if due to relaxation of 
the muscular structures of the vagina and uterine ligaments, are 
also susceptible to electrical treatment. Faradization would 
seem to be most rationally indicated, as it not only improves the 
contractiUty of the muscular elements in the ligaments, but also 
reUeves congestion of the uterus and other pelvic organs and 
tissues. Lumbo-abdominal, utero-spinal, or utero-abdominal 
currents may be tried. In using the galvanic current care must 
be taken to avoid the cauterizing action of the pelvic elec- 
trode. 

Uterine Tumors. — Eighteen years ago Drs. Ephraim Outter 
and Gilman Kimball operated upon a case of fibroid tumor of 
the uterus by passing a galvanic current through portions of the 
morbid growth, using insulated needles as electrodes. The 
question of priority in suggesting and performing the operation 
does not seem to have been definitely settled between these two 
gentlemen. At the Washington International Medical Congress 
of 1887 both claimed the honor. Dr. Cutter has, since that 
time, operated in a large number of cases, and, in 1887, reported 
fifty cases with the following results: 25 arrests; 7 non-arrests; 
3 relieved ; 1 1 cured ; 4 deaths. These results are fairly good. 
While the number of cures is small, and the deaths compara- 
tively large (8 per cent.), the showing is much more satisfactory 
than either medical treatment or hysterectomy. 

In 1884 Dr. Apostoli published* the results of a new 
method of electrical treatment of uterine fibroids. Tlie method 
has, been extensively discussed in the journals tlie past five 
years, and has given rise to much acrimonious debate. 

In Groat Britain, Sir Spencer Wells, Thomas and Skene 
Keith, Dr. W. S. Playfair, W. E. Steavenson, and many others 
have adopted Apostoli's method and claim for it advantages over 
any other now in use for treating this class of morbid growths. 
In America the prominent adherents among gynaecologists are 

* Tj. C^arlct : T>u tmitem. EUectr. des tumeurs flbreuses de Tut^rus d*aprte, la m^thode 
du Dr. Apostoli. Paris, 18S4. 
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as yet few, but there are signs of yielding, and it will probably 
not be very long before the electrical treatment of fibroids becomes 
as popular in this country as it is in England. 

The method is essentially the same as that for treating 
chronic perimetric inflammations as above described. The pro- 
cedures consist of the use of the positive electrode in the cavity 
of the uterus in cases where haemorrhage is a marked symptotn 
(positive chemical galvano-cauterization) ; the negative electrode 
intra-uterine to promote absorption (negative chemical galvano- 
cauterization), and negative puncture of the tumor through the 
cervix* or vagina (negative galvano-puncture). The currents 
used are strong (from 50 to 250 milliamperes) and the sittings 
from two to five minutes in duration. The intra-uterine appli- 
cations may be repeated once or twice a week. The external 
electrode used is the clay diffusion electrode for the abdomen. 

The results claimed for the treatment are : — 

1. Arrest of haemorrhage. 

2. Cessation of pain. 

3. Diminution in size of the tumor. 

Complete disappearance of tlie tumor is rare, altliougli it 
has sometimes occurred after puncture. 

When the cervix is too tortuous to get the sound into the 
uterus, or is obliterated by the growth, a new canal is made by 
means of galvano-puncture. This canal is said to remain patu- 
lous, and all intm-uterine applications are made tlirough it. 

In July, 1887, Apostoli reported two liundredand seventy- 
eight cases treated by this method, making upward of ibur 
thousand applications, an average of about fifteen applications 
in each case. Benefit is claimed in about 95 ^>er ceiif. oi' tlie 
cases. The cases are "symptomatically cured," i.e,^ tlie symp- 
toms for which the patients souglit n^lief have been alleviated 
or entirely removed, although the tumor had not disa])iK*ared. 
By some it is asserted that this relief is only temporary, but even 
then it is better than doing nothing or, perlia])s, as is the case 
with some gynaecologists with surgical tendencies, doing too much. 
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Among the latest contributions in favor of the electrolytic 
treatment of fibroid tumors is a paper by Thomas Keith, who, 
although his success in treating these growths with the knife 
stands imparalleled, has become the strongest advocate of Apos- 
toU's treatment. He closes his paper with the following strong 
statement : — 

"The only treatment not surgical worth speaking about 
that I have seen do any good, and which, at the same time, is 
one free from danger to life if the treatment be undertaken by 
one who has respect Jpr a strong electrical current, is that 
brought before us by Dr. Apostoli. If any one should have 
held on firmly to hysterectomy it is myself, for my results after 
it are better than any other. I have, however, thrown over all 
surgical operations for this new treatment, and the longer I 
follow it the more am I satisfied 

" To the surgeon, no doubt, hysterectomy is the good and 
simple plan. He may have his bad quarter of an hour at the 
operation, but then he has practically done with the case, and 
he gets his result quickly, sometimes more quickly than he cares 
for. If the patient recover there is pleasure all around; if 
things go badly and the patient die, he bewails his bad luck, as 
it is called, .... waits a little, and then, though rather 
unwillingly, does another. He resents any other treatment 
than that by the knife. He especially resents Apostoli's treat- 
ment of fibroids by electricity, for the result is long in coming; 
it is a slow treatment, requiring great patience, great tender- 
ness of manipulation, and much thinking But with 

patience the result is certain There is no mutilation, 

a thing abhorrent to most women It puts a woman 

with a fibrous tumor, who suffers much, into thq position of a 
woman with a fibrous tumor who does not suffer or may be even 
unaware of its presence. It does not bring about the disappear- 
ance of the tumor, or it does so very rarely, but the size is 

lessened more or less — one-half, one-third, two-thirds 

Tension is taken off everywhere, all around, and bladder irrita- 
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bility from pressure, a common cause of distress, is relieved. In 
a word, the woman is made well ; her whole life is changed. 
All this can be done without danger to life, and if there be pain 
during the time the current passes the fault is in the operator. 
What more does a reasonable woman who has suffered much 
desire or need ? 

"What have those to offer in place of all this who have so 
bitterly opposed this treatment ; who with unUmited material 
stand aside and will not take the trouble to investigate the 
matter for themselves, but wait till some one else does it for 
themr who make only an outcry if by chance they hear of any 
accident during the progress of the treatment of any case, and 
who go frantic over the rumor of a death, or, worse still, who 
proclaim they know of deaths that never happen ] These men 
have absolutely nothing whatever to offer in the bad cases, and 
only hysterectomy in such tumors that will come out more or less 
easily^ so as to be treated by the extra-peritoneal method of 
operating. I have seen not a few cases of bad bleeding fibroids 
since I came to London ; almost every one had consulted one or 
other surgical authority on the subject of operation. These 
were invariably told that nothing would do them any good but 
the removal of the tumor; but in their special case the local 
difficulties were too great, or they had let their strength go down 
too far for such an operation. The very feeble and bad cases, 
with masses of tumor blocking the pelvis, with absence of cervix, 
and opened-out broad ligaments, would seem to be let alone. 
Hysterectomy, then, at best, would appear to be a most doubtful 
remedy for a certain number of cases, and these not of the worst 
sort On the other hand, the worse the case, the more feeble 
the patient, the greater tlie loss of blood, tlie more marked is 
the result of electrical treatment. Given a woman with a large 
bleeding fibroid, blanched almost to death from years of haemor- 
rhage, and see her some months after this treatment is com- 
pleted, you would scarcely recognize her, — the improvement is so 
great 
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^' The old f^pirit that at one time would hare no abdominal 
snrgen' stilly unfortunately, lingers among us. Electricity in 
any fonn, when applied to the cure of disease, is set down as 
pure quackeiy by many medical men, simply because they know 
nothing about it, and won't take the trouble to learn for them- 
uelves wliat to manv is rather a hard studv. . . . 

m 

"What I now plead for is that, for a time, all bloody 
operations for the treatment of uterine fibroids should cease, 
and that I)r. Apostoli's treatment, as practiced by him, should 
have a feir trial. Those who have hitherto most resisted the 
introduction of electricity are the surgeons who are the best 
comfx^tent to carry it out. They are accustomed to manipulate 
in the pelvis, and they will not make mistakes in the diagnosis, 
or make them as seldom as it is possible to do. Hysterectomy, 
remember, which is performed every day for a complaint that 
rarelv of itself shortens life, kills everv fourth or fifth woman 
who is subjected to it. This mortality must cease ; it is not a 
question of surger)% — it is a question of humanity. Every time 
that any disease can be cured without resorting to a bloody 
operation, such as hysterectomy, progress is made in our art, and 
there is a gain to humanity, while surgery is the better for being 
purged of a deadly operation. It may seem strange to some 
that after the results I got in hysterectomy — results that almost 
made it justifiable — I should now begin to throw stones at the 
oj>eration instead of trying still further to improve upon it; 
and but for Dr. Apostoli I would now be doing so. I would 
give something to have back again those sixty-four women that 
I did hysterectomy for, tliat I miglit have a trial of Dr. Apostoli's 
treatment upon them ; and I would give something never to have 
had the wear and tear of flesh and spirit that these operations 
cost me, for in scarcely one of them was the operation simple." 

Testimony like this is certahily valuable in favor of an 
operation so simple and so little fraught with danger to life. 
Apostoli in two hundred and seventy-eight cases lost two, and 
Keith in a large number but one. 
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Dr. Franklin H. Martin, of Chicago, has dcsrril>ed* what he 
claims to br a new method of electrical treatment of uterine 
fibroids, but which apiK'ars to be merely a trivial modiBration 
of Ajiostoli's method. The modi^cations of some of the instru- 
ments used seem to be desirable improvements, but no distinct 
advance is disceruible in the procedure. 
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Malignant tumors of the uterus have not been subjected to 
electrolysis, although the resiUts obtained with more sujjer- 
ficial growths of the kind should encourage a trial of the 
method in carcinoma and sarcoma. Kpithelioma of the os 
and cervi.\ could be readily treated by electrolysis if a proper 
electrode were constructed for the purpose. The carbon-disk 
electrode of Dr. Goelet (Fig. 245) would seem ]»articularly 
appropriate for some cases of epithelioraatous ulceration of 
the OS uteri. 

Amputation of the cervix for epithelioma and hjiK-rtrophy 
is often performed with galvano-cautery. The appanitus re- 
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quired, in addition to a proper cautery battery and wire snare, is 
a large screw electrode to slowly tighten the wire as it is being 
heated (Fig. 246). 

Ovarian Tumors. — While the electrolytic treatment of uter- 
ine fibroids may be considered to \ie fairly on trial, that of o\'arian 

• Tranwctloai NiotU lonniatloul tiongren, toL a p. «W-«H. 
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cysts has not been able to obtain recognition from the profession. 
Dr. Semeleder, of Mexico, who has practiced the method for a 
number of years, has recently published the results of his expe- 
rience, which docs not appear to be so unfavorable as it has been 
made to appear by Dr. Munde, in a contribution to tlie " Trans- 
actions of the American Gynaecological Society," for 1877. Dr. 
Munde's method of intcrjDreting statistics has certainly the merit 
of originality, even though it lacks some of the elements of fair- 
ness, when he says in a later article : " I collected fifty-one cases, 
of which only twenty-eight might credibly be considered cured ; 
nine died, and fourteen were utter failures. The ratio of mor- 
tality and failure was 45 per cent.^ or double the mortality from 
ovariotomy, even in the hands of our less successful operators of 
to-day."* The absolute mortality was 20 per cent. Dr. Semele- 
der t reports his personal experience with electrolysis as follows : 
Of forty cases of ovarian cysts there were twenty-seven cured ; 
three improved ; one tempomrily improved ; in two there was no 
change ; two were still under treatment, and five died. This 
gives an absolute mortality of 12.6 per cent. In 1887, Dr. 
Munde reports his own experience J with ovariotomy during the 
year as twenty-two operations with five deaths, a mortality of 
22.7 per cent. Is Dr. Munde to be numbered among " our less 
successful operators ?" 

Probably the best method of electrolysis of ovarian tumors 
would be, where possible, negative galvano-puncture from the 
vagina, with a large diffusion positive electrode on the abdomen. 
With proper antiseptic precautions the abdominal punctui-e 
would probably not be very dangerous. The method demands 
further study on the part of those who are in position and 
willing to give it the requisite attention. 

Extra-uterine Pregnancy. — One of the most beneficent ap- 
plications of electricity is in the destruction of foetal life in 
extra-uterine pregnancy. It is admitted by most obstetricians 

♦ Am. Joum. of Obstetrics, December, 1886. 

t Wiener Klinlk, October, 1888. 

X OoodeU in Sajous' ''Annual/' for 1888, ToL !▼, p. 106. 
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that if the diagnosis can be certainly made before the death of 
the fcetus the electrical treatment is the most appropriate pro- 
cedure. Until recently the possibility of making such a diag- 
nosis has been generally accepted, but some surgeons who op- 
pose the use of electricity now state that the diagnosis of ectopic 
pregnancy cannot be made before the life of the foetus is extinct, 
or the cyst in which it is contained has been ruptured. It is also 
argued that the placenta continues growing after the fcetus dies, 
and hence the danger of internal haemorrhage still continues. 

Unfortunately for these theoretical objections, (foetal) ante* 
mortem diagnosis of ectopic pregnancy has been made in a suffi- 
cient number of instances to establish its possibility, and the 
demonstration of the (foetal) post-mortem growth of the placenta 
has not yet been furnished. 

In a considerable number of cases on record in the obstet- 
rical literature success has followed the use of electricity in this 
grave condition. Among American authorities may be quoted 
Drs. T. GaiUard Thomas, W. T. Lusk, R. P. Hanis, A. D. Rock- 
well, and others who have either had personal experience or 
approve the method. The faradic current is usually employed, 
one electrode being applied over the tumor exteraally and the 
other against the most prominent part of the swelling in the 
vagina. Daily sittings of ten minutes each, for two to three 
weeks, gradually increasing the strength of the current to the 
limit of endurance and then diminishing it to zero at each 
sitting, will usually destroy the foetal vitality if employed before 
the third month. In one of Lusk's cases the foetal vitality was 
evidently destroyed after six applications ; in another, after ten ; 
in a case reported by Dr. McBumey two applications, and in 
one by Dr. Billington four, sufficed to arrest the vitality of the 
foetus. In none of these cases were there any dangerous after- 
effects, either from the applications or from the foetal sti-uctures 
and placenta which were allowed to remain in the cyst. 

Some obstetricians prefer the galvanic current, and, a priori^ 
it would seem to be the most appropriate, as the electrolytic 
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effects would promote absorption of the contents of the sac. 
Dr. Rockwell uses an interrupted galvanic current, sending a 
succession of shocks through the sac. He uses a current 
strength of 10 to 30 milliamperes. In one case a single appU- 
cation was sufficient to aiTest the embryonic life. In one case 
of advanced tubal pregnancy Dr. Tliomas opened the sac from 
the vagina by means of tlie galvano-cautery. 

Urethral Caruncle and Other Growths of the External Gen- 
itals. — Electrolysis or galvano-cautery under cocaine may be 
employed for the destruction of these new fonnations. It is 
probable that the tendency of the caruncular growths to return 
after extirpation with the knife would not attend their electroljiic 
destruction. 

Atresia or Stenosis of the Vagina, — Just as stricture of the 
urethra, rectum, and other mucous canals is amenable to elec- 
trolytic treatment, so in cases where the vagina is narrowed from 
cicatricial contraction, the same procedure may be expected to 
give relief It would seem that in the preparatory treatment of 
vesico-vaginal fistula electrolysis is rationally indicated, not for 
the cure of fistula, but for the removal of the cicatricial and 
other obstructive conditions which so often interfere with the 
success of the recognized surgical procedures in these cases. 
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Abortion. — At first thought it appears contradictory m use 
electricity for the prevention of abortion, but when it is con- 
sidered that electricity, especially the faradic current, reduces 
local nervous irritability, it will be seen that a prime indication 
in this condition is fulfilled by this agent. Experienced ob- 
stetricians know that one of the best means to quiet an imtable 
uterus in threatened abortion is ergot in small doses. Electricity 
in mild currents produces similar "sedati\'e" effects, and is 
hence rationally indicated in cases where abortion is threatened, 
but where the separation of the membranes is not yet extensive. 
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Dr. W. T. Baird, of Texas,* takes a similar view of the effect 
of mild currents in this condition. He reports three cases " who 
were threatened with abortion, and who were having haemor- 
rhage when the treatment was commenced ; and in these three 
latter (he continues) the treatment was instituted to arrest the 
haemorrhage and prevent the expulsion of the ovum. The re- 
stdts justified my expectations in each case, as the haemorrhage 
was promptly arrested, and the patients all went over to full 
term." In these cases an insulated vaginal electrode was intro- 
duced into the vagina and pressed against the os, while a soft- 
sponge electrode was applied over the hypogastrium or the lumbo- 
sacral region for ten minutes. The faradic current was used. 

To arrest haemorrhage from a relaxed uterus, after abortion, 
the same current may be employed either with the electrodes 
similarly applied or with a double uterine electrode (Fig. 247), 
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by means of which the current can be definitely localized in the 
uterus, and produce more forcible contraction. The same in- 
strument is exceedingly useful in post-partum haemorrhage. In 
haemorrhage after abortion, where there are retained membranes, 
the use of a negative galvanic pole in the uterus and a current 
of 50 to 60 milliamperes for five to ten minutes gives good 
results. 

Puerperal Hmmorrhage. — Haemorrhage before, during, or 
after labor at term is always an alarming sign. When it occurs 
before labor as an indication of placenta praevia, the induction 
of premature labor is demanded. When the bleeding comes on 
during or after labor there is no agent that can be relied upon 
with so much satisfaction as electricity. The faradic current, as 
strong as can be borne, should be used to produce strong, equable 
contractions of the muscular tissue, and thus arrest the bleeding, 

• Aid. Joum. of Obstetrics, April, 1885, p. Sa. 
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Tlie current can be *^nt from back to abdomen, or fmra titena 
to abdntnen. or througli tl»e ulerus alooe, by mmus of the double J 
uterine elwrtnxit'. 

Premature De/frerjf, — ^When pientatuie deliTery i^ md\ 
cat(--d, ouc of the promjtte^t methods to produce it is br mvaiis ^ 
of electricity. Either the galt'aoic or laradic current may be 
employed, preference being generally given to the latter. LumlKi 
abdominal currtMits, as strung as tlie patient can bear, are used. I 
Uud<rr its influence the os begins to diliite and contmctions begiafl 
in the organ which soon exjiel its contents. 

ParturHion. — In the process of labor the administration of 
chloroform is a (avoritc method of nllanng tlie pains, calming 
tlte nen'ousness, and securing personal qidct. Dr. Baird claimsl 
that a mild faradic current will produce a similar effect, telicv-J^ 




!ng promptly all so-called "reflex jiaiiis," without diraii 
the contractile or expulsive pains. His method is to apply a 
large electrode to the sacrum, and with a wristlet electrode (Fig. 
24y) attached to the operator's ann pass the hand over the ul 
domen during the pains. In this wny the strength of the cui 
rent can be readily regulated, the application is diffused over the 
abdomen, and a species of massage with the electric hand can 
be combined with the electricity. In place of the liand a large 
sponge may be used as the abdominal electrode. 

Dr. Baird lays down the following indications for the use 
of electricity in obstetrics: — 

" 1. To modify the ]mins of labor. 

" 2. To favor a more rapid dilatation of the 09. 
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" 3. To promote more vigorous uterine contractions. 

"4. To add tone and strength to all the muscles engaged, 
and increase their power of doing work. 

" 5. To abridge the time occupied by the labor. 

" 6. To prevent shock, exhaustion, and post-partum haemor- 
rhage. 

" 7. To insure contraction of the uterus in cases of instru- 
mental delivery. 

" 8. To act as an auxiliary in the induction of premature 
labor. 

" 9. To arrest haemorrhage and accelerate labor in cases of 
placenta praevia. 

"10. To prevent an undue expenditure of nervous force in 
all cases of debility from whatever cause, thus leaving the 
patient in a condition to secure a speedy and favorable conva- 
lescence."* 

Apostoli and Tripier use faradization after labor to promote 
involution of the uterus. The regular contraction thus pro- 
duced acts in a measure as preventive of septic absorption by 
keeping the uterine cavity empty. The sittings may be repeated 
daily for one or two weeks, or longer if deemed necessary. The 
lumbo-abdominal method is generally sufficient to maintain good 
contraction of the womb. 



DISEASES OF THE MALE GENITO-URINARY ORGANS. 

Among the derangements of the male genito-urinary appa- 
ratus in which electricity may be used with good promise of 
success are various paretic conditions of the bladder and penis, 
irritability of the bladder and urethra, functional impotence, and 
certain consequences of inflammation in the urethral canal or 
contiguous tissues and organs. The galvanic and faradic currents 
and static electricity may be employed locally. In certain cases 
the effects of electricity upon the cerebro-spinal nervous system 

• Am. Jour. Obstetrics, July, 188& 
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and upon the general nutrition of the organism may also be 
called to aid. 

Irritability of the Urethra. — In cases where there is an 
itching or tingling sensation in the urethra, which frequently 
deepens into positive pain during urination or seminal dischai^, 
tlie galvanic current, with the negative electrode in the urethra 
and the positive upon the pubis or thigh, generally gives prompt 
relief. Currents of two to five milliamperes are sufficient, with 
sittings of five minutes' duration, once or twice a week. Faradi- 
zation may be employed in the same manner. 

Chronic Inflammation and Stricture of the Urethra. — In 
chronic urethritis following gonorrhoea there is often a localized 
area of tenderness in the deep urethra, accompanied by a slight 
discharge. When a catheter or sound is passed it gives exqui- 
site pain as it passes over the tender area referred to, and upon 
withdrawal of the instrument more or less bleeding follows — 
sometimes a few drops only of blood, at others quite a smart 
haemorrhage. There is good reason to believe that this painful 
area is in a granular condition, and the bleeding and reflex spas- 
modic contraction following attempts to pass a sound over it 
often lead the physician to the opinion that he has to deal with 
a stricture. Careful examination with a urethrameter or bulbous 
sound will demonstrate the absence of any organic co-arctation 
of the urethral calibre. In these cases no remedy will yield so 
prompt and satisfactory results as the galvanic current applied 
as directed for irritability of the urethra. An insulated sound 
somewhat smaller than the normal urethral calibre should first 
be used. This is attached as negative electrode and passed down 
the urethra until it strikes the painful point. The anode— ordi- 
nary contact electrode — is then applied to the thigh and the cur- 
rent gradually turned on until four or five milliamperes are jmss- 
ing. Very slight pressure in the appropriate direction is then 
made upon the sound, and in a few minutes it will be found to 
slip through the formerly contracted and painful portion of the 
canal and may be made to enter the bladder. The sound should 
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then be slowly retracted without breaking the ciftjuit until the 
painful area has been passed, when the circuit may be opened 
and the urethral electrode withdrawn. There will usually be a 
little bleeding and some pain, with a strong desire to urinate, 
which should be gratified. The penis, scrotum, and perinsBum 
should be bathed in hot water for a few minutes at a time four 
or five times after the operation. The sittings may be repeated 
once or twice a week, and should not exceed five minutes each. 
It needs no urging to use only the gentlest manipulation in in- 
troducing any kind of instrument into the urethra. After the 
first sitting the pain and bleeding become less until after three 
or four sittings they disappear entirely. Four to six weeks' 
treatment is usually sufficient for the cure of this affection. In 
urethral stricture the same method of treatment is pursued. 




Fio. 240.— Insulated Urethral Sound. 



The normal calibre of the urethra, the size and location of the 
stricture are first determined, and then an insulated sound (Fig. 
249), connected as cathode, a little larger than the stricture, is 
passed down to the strictured portion of the canal. 

The circuit is then closed, with the anode on the thigh, and 
the current gradually turned on with the rheostat or current 
selector. A strength of 4 to 8 milliampSres may be used. If 
the stricture is an infiltrated and not a cicatricial one, it will 
usually yield to very slight pressure in a few minutes. The 
sound should then be drawn backward slowly through the 
strictured portion of the canal, and then the circuit opened. 
No attempts should be made to pass a second larger instrument 
at the same sitting. Even if the sound used is too large, and 
wiU not pass the stricture within five minutes, it is better not to 
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irritate the urethra by persistent trials with the same or a smaller 
electrode. The patient should be sent away with directions to 
bathe the penis and perinaeum in hot water. Another attempt 
may be made in three or four days. If the sound has been 
properly chosen, and is appropriately handled, there will usually 
be little difficulty in passing the constricted area. 

The number of sittings required to cure a strictured 
urethra by electrolysis depends upon so many modif j^ng circum- 
stances tliat no safe prediction can be made. In careful hands 
the number of sittings required will be from ten to twelve. 

This method is the one usually practiced, and owes much 
of its popularity to the advocacy of Dr. Robert Newman, of 
New York, who has had very extensive practice with it. It 
fulfills all the indications presented by a stricture due to an in- 
filtrated area of submucous connective tissue — the type of an 
inflammatory stricture. In strictures due to cicatricial tissue or 
to linear co-arctation, as sometimes found near the meatus, the 
method advocated by Dr. J. A. Fort seems better adapted. In 
this method the active portion of the electrode consists in a 
linear exposure of metal at or near the point of the sound. 
By the use of this instrument a narrow furrow can be ploughed 
through the constricted portion of the canal, and afterward 
dilatation, either with or without electricity, practiced. Dr. Fort 
also uses this method for all ordinary strictures, and reports 
satisfactory results with it. 

It must be well understood that this operation is not in the 
nature of a cauterization ; it is electrolysis pure and simple. 
There is no elevation of temperature in the electrode, and no 
charring of tissue. The pathological tissue is slowly dissolved 
by the electrolytic action of the current, which probably also 
stimulates the absorption of infiltrated products. . 

It is quite probable that some surgeons have failed with 
either of these methods, and cases doubtless occur in which 
urethrotomy is a quicker, safer, easier, and more effectual 
method of cure ; but success with one method of treatment, and 
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failure with another, does not give an operator the right to deny 
any merit to the latter, or to discredit the testimony of those 
whose experience has been different. 

Gralvano-cautery has also been practiced in some cases of 
urethral stricture, but the occasions on which it can be preferred 
to electrolysis must be very rare. In cicatricial strictures near 
the meatus it may be employed with success. 

Paresis and Paralysis of the Bladder. — Paralytic conditions 
of the bladder may manifest themselves either by retention or 
incontinence of urine. They may also be due to cerebral, 
spinal, or peripheral nerve-lesions. In the former case galvani- 
zation of the brain and spinal cord is indicated. In most cases, 
indeed, galvanization of the lumbar cord is beneficial in addi- 
tion to the local symptomatic treatment. The latter may con- 
sist in percutaneous, lumbo-abdominal, or lumbo-perineal gal- 
vanization, faradization, or the combined currents. Perhaps a 
better method is to introduce an insulated urethral electrode into 
the bladder, and pass a faradic current, with the external elec- 
trode against the perinaeum, the lumbar spine, or over the 
pubis. In this case the bladder should be filled with a weak 
saline (borax) solution, or be allowed to fill with urine, in order 
that the current may become well diffused. When there is 
paralysis of the neck of the bladder the current should be 
localized by holding the internal electrode in the vesical neck, 
and pressing the external electrode against the perinaeum, or in- 
troducing it into the rectum. The galvanic current may also 
be used as an intra-vesical current, introducing the cathode into 
the bladder, and applying the anode externally, either over the 
spine, perinaeum, or pubis. 

Nocturnal Incontinence of Urine. — This condition yields 
very readily tp electricity. The faradic current is usually em- 
ployed, although galvanism, likewise, gives good results. One 
insulated electrode is introduced a short distance into the urethra, 
and may be pushed up to the neck of the bladder; the other is 
applied over the pubis or spine. Percutaneous currents from 
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the spine to the pubis are sometimes effective. Improvement 
usually follows after the first sitting. Galvanization of the spine 
is a useful adjunct to the local electrization. 

SpermatorrhcBQ, Inwoluntary Seminal Emissions, and Func^ 
tional Impotence, — ^In all of these conditions intra-urethral 
galvanization and faradization are of benefit. In emissions the 
internal electrode should be placed against the mouths of the 
seminal ducts, and the external to the perinaeum. Mild galvanic 
currents (2 to 4 milliamperes), with cathode in the urethra, will 
often arrest the discharges by relieving the irritability of the 
urethra. Faradization may be used in the same way, and in 
addition transverse faradization of the testicles and spinal gal- 
vanization are of benefit. In impotence (deficient erectile 
power) spinal galvanization and galvano-faradization from the 
lumbar spine to the penis and scrotum give the best promise of 
success. The dry faradic brush to the penis, scrotum, and inner 
sides of the thighs is also at times an efficient method of pro- 
ducing erections. Electric baths are occasionally useful. 

Hypertrophy of the Prostate. — Faradization by means of 
an insulated sound in the urethra and another in the rectum 
has been used with success by Tripier. When the prostatic 
portion of the urethra will not admit an instrument Tripier 
uses a double bulbous rectal electrode, which is pressed fonvard 
against the prostate so as to apply itself to either side of the 
latter and the current passed through the enlarged organ from 
side to side. Galvanism can be employed in a similar manner. 
Cheron and Moreau-Wolf claim good success with the cathode 
pressed well against the prostate from the rectum and the anode 
to the perinaeum. Fort's linear electrolytic method would doubt- 
less gradually plough a furrow through the enlarged middle 
lobe if a sufficiently strong current, say 5 to 10 milliampfires, were 
used. Newman has devised a cautery electrode (Fig. 250) 
which he uses for the purpose of destroying the obstruction in 
the canal. The sound with the platinum-wire burner at e is 
passed down to the obstniction, and then by means of the key, 
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6, the circuit is closed and the wire heated to a red heat. A 
cautery battery is used. The burning must be done very 
quickly in order not to destroy deeply and leave a slough. The 
method is said to be painless, and sittings may be repeated once 
a week. It seems that in addition to the destruction of tissue 
this method causes certain modifications of nutrition, followed by 
absorption of part of the hypertrophied growth. 

Very recently a new procedure for reducing the size of an 
hypertrophied prostate by electrolysis has been proposed by Dr. 
Casper, of Berlin, who reports four cases, of which two were 
cured. He employs a needle*electrode as cathode, which is 
plunged into the prostate from the rectum. The needle is insu- 





Fio. 250.— Newman's Cautery Electrode. 



lated to near its point. The anode is applied over the pelvis, 
A current of from 10 to 25 milliamperes is used. The sittings 
may be repeated every five or six days. The method seems 
worthy of fiirther trial. It is said not to be painful unless a 
greater current strength than 15 milliamperes is used. 

Chronic Orchitis. — ^The swollen testicle should be subjected 
to transverse percutaneous galvanization. Lewandowski has 
succeeded with the electrodes thus placed, and frequently 
reversing the current. Galvanization of the spermatic cord is 
practiced in addition. 

Atrophy of the Testicle. — Faradization of the testicle and 
spermatic cord may prove successful. 

Varicocele. — In this aflection electrolvsis with the anode 
in the vein to produce coagulation seems rationally indicated. 
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The possibility of detachment of the clot and consequent pul- 
monary embolism must, however, be borne in mind. 

Hydrocele, — Both the faradic and galvanic currents may 
cause absorption of the effusion in hydrocele. The faradic cur- 
rent is employed percutaneously. The galvanic current may 
be applied in the same way, or by puncturing the sac with the 
cathode and using a pretty strong current (30 to 50 milliamperes) 
to produce electrolysis. 

DISEASES OF THE GLANDS. 

In the treatment of glandular enlargements by electricity 
the galvanic current is usually employed, the current being 
passed through the uninjured skin (percutaneous method) or 
one or both poles armed with insulated needles may be plunged 
into the growth (galvano-puncture, electrolysis). 

Cataphoric transmission of absorbent medicines (iodine) has 
been employed with asserted success, in some cases. Faradic 
currents passed through the glands, or by means of the faradic 
brush, to stimulate absorption by reflex action upon the absorb- 
ents, have also been successfully used. 

Enlarged Lymphatic Glands. — Excellent results have been 
obtained in enlarged lymphatic glands by the use of the galvanic 
current, either percutaneously or by means of negative galvano- 
puncture. When the enlargement is due to specific infective 
processes, or suppuration has taken place, the procedure is likely 
to fiiil. Broken-down glands may, however, readily be opened 
by means of negative galvano-puncture when the patient objects 

Fio. 251.— WiRB Cautery Point. 

to incision. Galvano-cautery is a favorite method of opening 
glands. It is thoroughly aseptic, and the interior of the cavity 
may be readily cauterized by the cautery point. In some cases, 
such as enlarged tonsils, both the galvano-cautery and electroly- 
sis have decided advantages over any other mode of treatment. 
If the cautery is used the wire point (Fig. 251) may be em- 
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ployed, a number of punctures being made with it into the 
substance of the gland. The sittings may be repeated weekly 
or bi-weekly. The hypertrophied gland-substance is partly 
destroyed and partly condensed by the small contractile cica- 
trices produced. In electrolytic puncture with the negative 
needle we have an equally effective method, but much more 
tedious. 

• The proper strength of the current in electrolysis of glands 
is from 5 to 20 milliamperes. Sittings should last from five to ten 
minutes and may be repeated once or twice a week. The 
needles should always be kept thoroughly aseptic in order to 
avoid inducing suppuration. M. Meyer employs strong, fre- 
quently-interrupted faradic currents in enlarged lymphatic 
glands, and reports good results therefrom. 

Goitre. — In a moderate proportion of cases the percutane- 
ous method of employing galvanism is successful. Chvostek, 
Bruns, and Lewandowski cured about 15 per cent, of their 
cases. Rapid diminution of the tumor is often observ^ed, but 
unless the treatment is continued for some time the growth is 
liable to again enlarge. The method is to place large, moist 
electrodes on each side of the tumor, and pass a current of 
10 to 20 milliamperes. The electrodes should be frequently 
moved to avoid destroying the skin by electrolytic action. An- 
other method is to apply one electrode over the tumor and the 
other in the auriculo-maxillary angle. The relative position of 
the poles seems to have little influence, but most practitioners 
apply the cathode over the growth. 

Negative galvano-puncture with one or more insulated 
needles and' a current of 5 to 10 milliamperes, weekly or serai- 
weekly sittings, may also be employed. By this method im- 
provement is almost certain to follow, although, as with other 
methods, failures must be expected. 

The treatment by electrolysis is neither painful nor dan- 
gerous. 

Multiple pimctures with the galvano-cautery wire may also 
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be expected to give good^results. The destruction of skin-tissue 
will, however, cause numerous small scars, which can be avoided 
in electrolysis by using insulated needles. 

Agalactia. — Deficient action of the mammary gland is a 
disorder comparatively frequent. It often yields promptly to 
faradic stimulation. Large, moist electrodes are applied directly 
to the breast. Static electricity has been used successfully for 
the same purpose. 

Indurations of the Mammary Gland. — The indurations fol- 
lowing chronic inflammation and abscess of the mammary 
gland will often undergo rapid absorption under the influence 
of galvanism. Large, moist electrodes are applied in a manner 
that the current will pass through the gland. In acute inflam- 
mation of the gland, before the formation of pus, the pain and 
tension can be relieved by the faradic current. 

Tumors. — Dr. A. C. Grarratt* has reported one hundred 
and fifty-seven cures out of one hundred and eighty-six tximors 
of the breast treated with the galvanic current. The tumors 
(or indurations?) are inclosed between two sponge electrodes 
(two by three inches area) and a current varying in strength 
from 5 to 50 milliamp^res used, 

Epitheliomata of the breast have been extirpated by elec- 
trolysis, but the method is tedious and generally unsatisfactory. 
It is possible that in the early period of the growth the persist- 
ent use of the percutaneous galvanic current will prove suc- 
cessful. 

Very recently. Dr. J, Inglis Parsonsf reported four cases 
of cancer in which the progress of the disease was arrested by 
strong currents of electricity passed through the growth. Cur- 
rents varying from 10 to 600 milliampSres^ with an electro-motive 
force of 105 volts, were used, the tumor being transfixed with 
fine insulated needles. The patients were anaesthetized during 
the operation. A nodular mass of fibrous tissue remains. The 

* Trana. Ninth Intern. Med. Conipress, voL U. 
t Brit. Med. Journ., April 27, 1880. 
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observations of Dr. Parsons are an encouragement to further 
experiment in this direction. There is reason to believe that the 
limitations of electrical treatment of malignant tumors have not 
yet been reached. 

DISEASES OF THE SKIN. 

In skin diseases of neurotic origin the use of electricity is 
rationally indicated, and is often effectual. In inflammatory 
affections the galvanic current may likewise be often used with 
good results. Certain subjective symptoms, as pain, itching, 
hj^ersesthesia, etc., are frequently promptly relieved by the 
faradic or galvanic current. General electrization by means of 
electric baths and static electricity (insulation and breeze) are 
indicated in certain general neuroses with cutaneous manifesta- 
tions. 

Angioneuroses. — (Edema, urticaria, and neurotic bullous 
eruptions are successfully aborted by means of the galvanic cur- 
rent, the anode being applied to the spine and the cathode to 
the seat of the outbreak. The itching of urticaria, eczema, 
lichen, and prurigo may frequently be promptly, though not 
permanently, relieved by swelling faradic currents. 

Chilblains often yield to galvanization and faradization. In 
the early stages of local asphyxia (Raynaud's disease) the angio- 
spasm may be arrested by a strong faradic current, and the 
normal circulation re-established. In more advanced cases, 
when trophic changes of the skin have begun, galvanism, with 
the cathode to the affected area, may be useful, and in the absence 
of any other trustworthy remedy should be faithfully tried. 

In most cases of neurotic skin diseases, spinal, central, and 
subaural galvanization should be employed in addition to the 
local applications of the cuiTent. 

Eczema. — Beard and Rockwell recommend verv hio^hlv 
central galvanization in this disease. Local faradization and 
galvanization (anode to eruption) also give good results, promptly 
relieving the itching and reducing hj'peraemia. In chronic 
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cases with much infiltration the galvanic current, using the 
cathode to the seat of eruption, is rationally indicated. 

Psoriasis and Lichen Planus. — Looking upon these diseases 
as in a measure neurotic in origin, spinal and central galvaniza- 
tion should give relief. The reported successes with the remedy 
are, however, very few in number, and not very encouraging. 
Electric baths as well as static electricity deserve a fair trial in 
both affections. 

Herpes Zoster. — In the early stage of the eruption the gal- 
vanic current, anode to the spine, cathode over the course of the 
nerve involved, often arrests the pain as well as the eruption. 
In the post-eiTiptive neuralgia, which is almost impossible to 
relieve by any other means, galvanism may be used with expec- 
tations of prompt success. The faradic current may also be 
used, but does not usually act as effectively as galvanism. 

Alopecia. — In the form of baldness known as alopecia 
areata electricity is used with great success. The best method 
of employing it is by means of the dry faradic brush over the 
ivory spots. Ranney recommends static sparks very highly. 
Other forms of alopecia are also benefited by faradization. 

Scleroderma and Morphwa. — Schwimmer reports success in 
one case of generalized scleroderma after eighteen months' 
treatment by subaural galvanization. In morphoea localized 
applications of galvanism have long been regarded as the only 
treatment that promises success. 

Acne. — Galvanization with anode to the back of the neck 
and cathode to the seat of eruption often gives the happiest 
results in chronic, indurated cases. The faradic cun-ent is used 
by many dermatologists with good effects. In torpid cases, with 
many comedones and few pustules, the dry faradic brush actively 
appUed to the skin is beneficial. Of course, the usual recog- 
nized general and local remedies should not be omitted while 
employing electricity. 

Acne Rosacea. — Central and subaural galvanization are 
recommended by Beard, E, Remak, and De WatteviUe. Cases 
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may sometimes yield to this procedure, but where the veins are 
much dilated, and there is hypertrophy of the skin, a needle 
connected as cathode is used to puncture all the dilated vessels. 
The. circuit is closed with the anode at an indifferent point — the 
palm of the hand, for example. In a minute, or less time, with 
a current of 1 to 2 milHamp^res, the blood in the vessel is 
coagulated or driven out by the evolution of hydrogen gas, and 
sufficient irritation produced to cause occlusion of the vessel. 
Multiple galvano-punctures of the hypertrophied skin will also 
promote atrophy of the latter. This method was first introduced 
to the notice of the profession by Dr. Hardaway, of St. Louis. 
Repeated trial has demonstrated its great value in a condition 
which otherwise is hardly amenable to therapeutic measures. 

Ulcers. — The application of the cathode in form of a metal 
plate to the surface of the ulcer will stimulate healthy granula- 
tion. Where there is too much discharge, or much pain, the 
anodic application is indicated. Weak currents and long sit- 
tings, fifteen to thirty minutes, should be used. The altered 
nutrition of the granulations is usually promptly manifested. 

Parasitic Diseases. — Against these the electric current itself 
is of little avail ; but advantage may be taken of its cataphoric 
virtues, as advocatc^d by Dr. Henry J. Reynolds, of Chicago.* 
He applies a solution of mercuric bichloride on the anode to the 
affected area, and closes the circuit with the cathode at an in- 
different point. The penetrating power of the parasiticide is 
said to be increased by this procedure; i.e., the current transfers 
the bichloride from the surface of the electrode into the hair- 
follicles and deeper epidermic layers, where it may come in direct 
contact with the parasite. The observations have been con- 
firmed by others, but the subject requires further and more 
exact study. 

Hypertrichosis. — The successful employment of electrolysis 
for the cure of trichiasis f by Dr. Michel, of St. Louis, led Dr. 
W. A. Hardaway, a distinguished dermatologist of the same 

• Trans. Ninth International Med. Congress, voL Iv. t S«e ante^ p. 807. 
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city, to extend the operation to his own special field of practice. 
The first brilliant successes were obtained in the removal of 
hairs growing in abnormal situations. Whether the growth be 
that of a moustache or beard in women, or of growth of hair 
on the glabella, the tip of the nose, or in the nostrils, elec- 
trolysis properly employed will remove the abnormal growth 
permanently, painlessly, and without leaving any subsequent 
disfigurement. 

Any good constant batterj' will answer the demands of the 
operation. A current of from i to 2 miUiamperes will be 
necessary. 

In addition to a battery in good working order, certain 
qualifications and appliances are necessary, among which the 
following are of prime importance : — 

1. A plentiful stock of patience. 

2. A steady hand. 

3. Good eyesight. 

4. Proper electrodes. 

5. A pair of cilia forceps. 

6. A chair with head-rest. 

Without the first three natural qualifications mentioned no 
one should undertake the treatment of a case of hypertrichosis 
by electrolysis. Defective eyesight may be aided by suitable 
glasses, but no substitutes can be found for the other two, and a 
lack of them disqualifies one from properly performing the 
operation. 

The ordinary sponge or cotton-covered disk will answer for 
the positive electrode. For the negative a needle-holder and 
fine needle are required. 




Fio. 262.— Hardawat*8 Nexdlb-Holdks. 



The holder shown in the cut was devised by Dr. Hard- 
away, and is made by the A. M. Leslie Company, of St. Louis. 
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It is very convenient. A fine, steel sewing-needle (No. 12) may 
be used, but flexible needles, made of an alloy of platinum 
and iridium, are preferable. They are thinner than the finest 
steel needles, never break, and can be bent into any shape de- 
sired. Needle-holders are sometimes made with a key to make 
and break the circuit, but this is no advantage. The needle is 
attached to the conducting-wire from the negative pole of the 
battery. 

The forceps should have an easy spring, with flat, lightly 
serrated jaws, and should not have a catch. 

A chair with a firm head-rest must be used. An ordinary 
cane-seat arm-chair, with adjustable head-rest, answers the pur- 
pose as well as a more complicated or expensive oculists' or 
dentists' chair. 

The steps of the operation are as follow: — 

The patient is placed before a good light — avoiding direct 
simlight, unless modified by frosted glass — and directed to take 
hold of the handle of the sponge electrode, the sponge, of course, 
having been previously moistened. The operator then sits a 
little in front of and to the right of the patient, and takes the 
needle-electrode in his right hand, holding a pair of tweezers 
with flat, narrow jaws in his left. The needle is then gently 
insinuated into a follicle by the side of the hair until the bottom 
of the follicle is reached. This is manifested by a slight re- 
sistance to the onward passage of the needle. The patient is 
then directed to touch the sponge with the other hand, thus 
closing the circuit. The current will immediately pass, and the 
electrolytic action be made manifest by a little frothing around 
the needle. In some skins also a little wheal will be raised 
about the follicle. Irf from twenty to forty seconds the hair 
can be extracted with the tweezers without the slightest resist- 
ance or pain. If the hair does not come away with perfect 
ease the papilla has not been destroyed, and the needle should 
be permitted to remain, and the current to pass a little longer. 
The circuit is broken by removing the hand from the sponge 

24 
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electrode. This gives less pain than if the circuit is closed and 
opened with the needle. 

If the hairs are very close together they should not all be 
removed at the same time. The hairs should be picked out 
here and there, otherwise the points of irritation will be in too 
close proximity,. and, if sufficiently intense, may produce small 
areas of sloughing and leave scars. If the operation is properly 
performed no visible scars should remain. 

A sitting may last from fifteen to thirty minutes. Very 
few operators can extend it beyond the latter time. The sit^ 
tings may be repeated every other day, or, in cases where time 
is important, every day. 

After the operation a mild astringent lotion may be ap- 
plied, and the patient should be directed to bathe the surface 
operated upon several times a day with hot water, for five or 
ten minutes at a time. This tends to reduce any hyperaemia 
which may have been caused by the operation. 

When the hair-papilla has been thoroughly destroyed the 
hair cannot be regenerated. In most cases, however, a number 
of the hairs return, showing that the destruction of the papillce 
has not been complete. This happens in from 5 to 25 per cent, 
of the hairs removed, and depends partly upon the skill of the 
operator and partly upon the direction of the hairs. In some 
cases the hair shaft in the skin is so twisted that it is almost 
impossible to strike the papilla. Such hairs often require re- 
peated removal before they are finally destroyed. The greatest 
success will usually be obtained on the upper lip and chin, 
while the hairs under the jaw will frequently return again and 
again, to the great disappointment of both patient and physician. 
Partial failure should not discourage the operator. Persistence 
will surely be rewarded by success. 

The older the growth of hair, the more satisfactory will be 
the result. In young persons new hairs continually appear, 
which sometifties lead the patient to think* that the operation is 
unsuccessful, and that all the hairs are returning. The fact of 
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the continued growth of the hair should be explained to the 
patient before beginning the operation. In older persons, where 
the growth is complete, the new crop consists simply of those 
hairs which had not been destroyed and which grow out again. 
A second removal is followed by still fewer returns, and finally 
complete success is obtained. In younger individuals this period 
is longer deferred on account of the above-mentioned outgrowth 
of new hairs. 

IVarts, Moles, and Small Fibromata of the Skin. — These 
growths can be readily removed by electrolysis without leaving 
disfiguring scars. The process is not painful. The needle- 
holder (Fig. 252) may be employed, but a sharp, steel needle 
should be used instead of the flexible platinum needle. The 
flat, lancet-pointed needle sold by the instrument-makers under 
the name of the " Hagedom Needle " answers the purpose ad- 
mirably. The base of the growth is transfixed in various direc- 
tions, and the current passed for a few minutes each time. The 
punctured tissues turn pale, and slight frothing occurs around 
the needle. In most cases the growth, if a wart, mole, or papil- 
lary growth, dries into a brownish crust and drops off* in the 
course of a week or ten days, leaving a slightly pigmented spot 
which soon acquires the natural color of the surrounding skin. 

Moles, or pigmented naevi of large size, may be effectually 
removed by this method, leaving little if any disfigurement. 
Currents of two to six milliamperes may be used. 

Milium and Small Wens. — These growths are successfully 
fully treated by negative galvano-puncture. The centre of the 
growth is first ]f)unctured and the base of the sac touched at a 
number of points with the needle. Weak currents, one to three 
milliamperes, are sufficient for the purpose. 

Angioma and Teleangiectasis, — The minute, ampulla-form 
dilatation of a vessel with radiating branches — the so-called 
"spider nsevus"— can always be readily destroyed by means of 
electrolysis. The needle (negative) is plunged into the centre 
of the dilated vessel, the circuit closed with the anode, and 
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the current (2 to 3 milliamperes) allowed to pass until the 
red or brown color has given place to a grayish discoloration. 
The cuiTcnt is then reversed for a minute or two, making the 
needle-electrode positive. This insures a firmer clot in the vessel 
and prevents subsequent hiemorrhage. In the course of a week 
the vessel is usually oblitemted and the blemish has disappeared. 

Flat, vascular naevi (port-wine mark) and cavernous angio- 
mata of the lip or other portions of the body are amenable 
to the same course of treatment. Complete success in the re- 
moval of these blemishes requires, however, much patience on 
the part of both physician and patient. 

Hypertrophic Scars and Keloid. — Multiple galvano-puncture 
of the disfiguring scars sometimes remaining after strumous 
and syphilitic ulcers, or hj'pertrophic small-pox or vaccination 
cicatrices, will generally produce much improvement. In true 
keloid. Dr. W. A. Hardaway, of St. Louis, and Dr. L. Brocq, of 
Paris, have reported success with the same method. 

Epithelioma and Sarcoma. — In malignant new formations 
the mild, destructive action of electrolysis has not been much 
relied upon heretofore, but there is reason to believe that an in- 
telligent use of the method will render resort to the knife or 
cautery less necessary. Thorough electrolysis of the base of a 
cancerous or sarcomatous growth can be accomplished if suffi- 
cient attention be given to the operation, and the process seems 
to produce some trophic modification of the tissues which ren- 
ders a return of the growths less liable to occur than afl^r the 
use of the knife. This subject deserves a more careful study 
than has heretofore been given it by surgeons or electro-thera- 
peutists. 

When large growths are operated upon it is frequently ad- 
visable to use a needle-electrode connected with each pole of the 
battery and to plunge both needles into the tumor. In this way 
the resistance to the current is very much diminished and the 
result is more rapidly obtained. Care must be taken, however, 
to limit the electrolytic action to the pathological tissue, unless 
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the growth is malignant, when a portion of the normal tissue 
should also be destroyed to prevent recurrence. 

Lupus and Lupus Erythematosus. — Hardaway, who has 
pointed out so many directions in which the electrolytic method 
has proven useful in dermatology, was the first to try its effect 
in lupus erythematosus, making multiple punctures in the 
morbid tissue. The success was excellent. Like success was 
obtiiined in lupus vulgaris. Gartner has employed electrolysis 
siiccessfuUy in lupus. He uses a flat metal electrode to produce 
a superficial slough. This is repeated until the neoplasm is 
entirely destroyed. 

Punctiform galvano-causty with the wire point is also used 
successfully in lupus. 

Elephantiasis Arabum. — ^Beard and Rockwell give the his- 
tory of a case of elephantiasis arabum in wliich great improve- 
ment followed tlie use of the constant current. Since 1877, 
Professor Silva Araujo, of Rio de Janeiro, has treated upward of 
four hundred cases with this agent. He studied the effects of 
electricity upon this morbid condition in connection with Pro- 
fessor Moncorvo, of tlie same city. The accompanying plates 
show successive stages of improvement in a case under the treat- 
ment as practiced by them. The patient came under treatment 
in 1879, and was discharged practically cured in 1885. The 
success in this case and in others reported by Silva Araujo 
shoidd encourage pliysicians to persevere in this treatment in 
suitable cases. The method is as follows : At intervals electrol- 
ysis is employed ; one, two, or three needles connected with the 
negative pole are inserted in the densest portion of the hyper- 
trophied tissue, the anode being placed upon the skin near by. 
The needles are insulated to near tlieir points. Ten-minute 
sittings are the rule, the needles being withdrawn and re-inserted 
in another place. During the intervals between the electrolytic 
sittings daily applications of tlie constant, followed by the fara- 
dic currents, fifteen minutes each, are made. Massage is also 
practiced, followed by the pure India-rubber bandage to the 
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limb. The massage may be combined with the electricity by 
using the roller-electrode (Fig. 206). 

In the foregoing pages the authors have attempted to give 
a complete view of the science of electricity and its practi<?al ap- 
plications in medicine and surgery. . They are aware that the 
work has many shortcomings, but trul^t that every statement made 
will bear investigation and criticism. Less attempt has been 
made to include everything written upon tlie subject than that 
nothing untrue should be contained within the covers of the 
book. If, by its publication; the means at command to relieve 
disease or its effects have been extended it will be sufficient re- 
ward. In taking leave of their readers, they desire to address 
to them the final words of Professor Erb :* "It will be a source 
of gratification if your interest in the numerous scientific 
problems which await solution in this field has been awakened, 
and it will be a still greater pleasure should you personally 
contribute by your work to the advancement of Scientific 

ElECTRO-ThER APEUTICS. " 

* Elektrothcrapie, 2te aufl., 1886. 
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Useful Tables and FoRMULiB. 

Ohm^s Law. 

_, • , Electro-motive force 

Current strength = -; 

Kesistancc. 

Electro-motrve force = Current strength X resistance. 

Electro-motive force 



Resistance 



Current strength. 



Current Obtainable from any Nnmber of Cells Joined, n in Series, 

m in Multiple, 

_, m n E 

Current = 

R-\-ini r 

Where — 

E = Electro-motive force of one celL 
R = Resistance of one cell. 
r = External resistance. 

FRENCH AND ENGLISH MEASURE& 

Length, 
1 inch . . . . = 25.3995 millimetres. 
1 foot . . : . = .30479 metre. 
1 yard . . . . = .91438 " 
1 mile . . . . = 1.6093 kilometres. 

Capacity, 

1 pint . . . . = .5676 litre. 
1 gallon . . . . = 4.541 litres. 
1 bushel . . . . = 36.328 " 

Weight. 
1 grain (Avoir.) . . = .0648 gramme. 

1 ounce " . . = 28.35 grammes. 

1 pound " . . = .4536 " 

1 ton " . . = 1016. • kilos. 
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Scale 

10 cm. 



8 



6 
4 incbes. 



6 



8 



9 



10 



12 8 4 

Measures of Length, 

1 millimetre (mm.) . . = .03937 inch (about ^'j in.) 

= .3937 " 

= 3.937 inches. 

= 39.371 " 
= 39371. " 

Measures of Weight. 

= .01543 grain (Avoir). 

= .15432 " " 

= 1.5432 grains " 

= 15.432 " '* 

= 15432. " '* 



1 centimetre 
1 decimetre 
1 metre 
1 kilometre 

1 milligramme 
1 centigramme 
1 decigramme, 
1 gramme . 
1 kilogramme 



Besistance of Mixtures of Sulph 



trie Acid and Water at 22^ C. in Terms 



of Mercury at 0^ C. {according to Kohlrausch and Nippoldt), 



Specific Gravity 


Percentage 


Resistance at 22° C. 


at 18.6° C. 


H,S04. 


Mercury = 1. 


0.9985 


0.0 


746,300 


1.0000 


0.2 


465.100 


1.0504 


8.3 * 


34,530 


1.0989 


14.2 


18,946 


1.1431 


20.2 


14,990 


1.2045 


28.0 


13,133 


1.2631 


35.2 


13,132 


1.3163 


41.5 


14,286 


1.3547 


46.0 


15,762 


1.3994 


50.4 


17,726 


1.4482 


55.2 


20,796 


1.5026 


60.3 


25,574 



One ampere flowing during one second decomposes of 

Silver, 1.117 milligrammes. 

Copper, 329 milligramme. 
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Table of Resistances. 


Silver annealed, .... 


1.899 


Silver bard-drawn, . 


■ 






2.062 


Copper annealed, . 


• 






2.017 


Copper bard-drawn, 


« 






2.063 


Gold annealed, 


1 1 






2.598 


Gold bard-drawn, . 


1 1 






2.644 


Aluminium annealed, 


» 4 






3.678 


Zinc compressed, . 


1 * 






7.105 


Platinum annealed,. 


t 






11.435 


Iron annealed, 


t 1 






. 12.27 


Lead compressed, . 


t 






. 24.78 


Mercury liquid 


t 






. 120.11 


German silver. 


. 






. 26.43 



Tbe resistances are in obms, and refer to a lengtb of 100 metres 
of wire wbose diameter is 1 mm. 

Change of Resistance of Metals vnth Change of Temperature, 

Silver, . . . .0037 to .0041 per ohm (degree C). 

Copper, . . . .0039 

Iron, . . . .0045 

German silyer, . . .00028 to .00044 " 

Tbat is, one obm of copper wire will become 1.0039 obms wben tbe 
temperature is raised one degree centigrade ; and tbree obms German 
silver will become 3.00084 to 3.00132 obms for one-degree-centigrade rise 
of temperature. 
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Abductor pollicis longus, 180 
Abortion, 352 
Acne, 366 

rosacea, 366 
Acute articular rheumatism, 302 
Agalactia, 364 
Alopecia, 366 

Alterations of electrical irritability, 196 
Alternating currents, 30 
Amaurosis, 311 
Amblyopia, 311 
Amenorrhcea, 329 
AnsBsthesia, 290 

of larynx and pharynx, 291 
Anchylosis, 304 
Aiielectrotonus, 146 
Aneurism, 317 
Angina pectoris, 300, 317 
Angioma of evelids, 30tl 

of the skin, 371 
Angioneuroses, 365 
Anterior thoracic nerve, 174 
Aphasia, 316 
Aj'honia, 316 
Aj'hthongia, 316 
Apostoli's method in endometritis, 332 

method in inflammation of the uterus 
and adnexa, 337 
Articular efifusions, 303 

neuroses, 290 
Ascending currents, 146 

and descending currents, 252 
Ascites, 327 
Asphyxia, 316 
Asthenopia, 309 
Athetosis, 282 
Atony of the stomach, 322 
Atresia of the vagina, 352 
Atrojthy of testicle, 361 
Atypical reaction of degeneration, 203 
Auditory nerve, effects of the current upon, 

155 
Average j^alvanic irritability, 193 

faradic irritability, 192 
Axillary nerve, 175 

Baily current regulator. 236 
Batteries for meaical purposes, 219 
BAV» paralysis, 199, 201 
Biceps femoris, 184 
muscle 175 



Bichromate batteries, 225 
Bipolar bath, 254 
Bla<]der, reactions of, 160 
Blepharitis, 308 
Blepharospasm, 292 
Brachial plexus, 174 
Brain galvanization, 258 

reactions of, to electric currents, 156 
Brenner's formula of contraction, 148 
Buccinator, 168 
Bulbar paralysis, 278 
Bunsen cell, 101 

Capacity, 16 

Catalytic effects of currents 257 

Cataphoresis, 256 

Cataract, 310 

Catarrh of middle ear, 314 

Catelectrotonus, 146 

Cautery batteries, 240 

electrodes, 244 
Central galvanization, 253 
Cerebral anjemia, 276 

lisemorrhage, 277 

hypersemia, 2(6 

syphilis, 278 
Cervico-brachial neuralgia, 288 
Cervico-occijiital neuralgia, 288 
Chalazion, 308 
Change of resistance of metals with change 

of tem])erature, 378 
Chart of electrical reactions, 195 

showing reaction of degeneration 196 
Chloride of silver battery, 102, 228 
Chorea, 282 

Chromate of potash cell, 102 
Chronic articular rheumatism, 303 

urethritis, 356 
Coil distance, 189 
Combinational arrangement, 105 
Commutator, 232 
Comparative tables of metric and English 

weights and measures, 375, 376 
Condensers, 17 

Conductors and non-conductors, 6 
Constant infinitesimal currents, 260 
Constipation, 324 
Constrictors of pharynx, 171 
Co-ordination neuroses, 283 
Corneal affections, 309 
Corrugator muscles, 164 
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Cough, 292 
Current, 15, 27 

controller, 235 

selector, 231 
Currents of faradic machine, 190 
Cystoscope, 213 

Daniell cell, 98 

Decomposition of metals by eh-ctricity, 376 
Deficient secretion of cerumen, 313 
Density of current in the body, 152 
Descending currents, 146 
Diabetes, 327 

Diagnosis of sensory disturbances, 205 
Diagnostic significance of reaction of degen- 
eration, 204 
Dilatation of the heart, 317 
Diminished electrical irritability, 197 
Diphtheritic paralysis, 299 
Diseases of muscles and joints, 301 

of the abdominal organs, 321 

of the choroid, 310 

of the ear, 311 

of the eye, 305 

of the female generative apparatus, 327 

of the glands. 362 

of the iris, 310 

of the lens, 310 

of the male geuito-urinary organs, 355 

of the nose, 315 

of the respiratory organs, 316 

of the retina. 311 

of the skin. 305 

of the stomach, 322 

of the sympathetic system, 300 

of the tongue, 315 
Distribution of electricity over the surface 

of conductors, 10 
Dorso-int^rcostal neuralgia, 289 
Du Bois-Reymond coil, 228 

on muscle currents. 145 
Duration of sittings, 203 
Dynamo machine Tor medical work, 242 
Dynamometers, 78 
Dysmenorrhoia, 329 

Ear, electrical reactions of, 209 

Earth a large magnet, 56 

Ectropion, 308 

Eczema. 365 

Effects of electric currents upon the skin, 154 

Electric bath. 253 

light in diagnosis. 209 

organ of fislies, 145 

scourge. 238 
Electrical scale, 5 

stimulation of muscles, 150 

stiinulntion of sensorv nerves, 150 

tetanus. 148 

units, 117 
Electricity in diseases of the brain, 275 



Electricity in obstetrics, 352 

Electrode for testing cutaneous senBibilitv, 
206 

Electrodes, 236 

Electro-diagnosis, 187 

Electro-diagnostic record, 195 

Electro-magnet for removing foreign bodies 
from the ey^, 305 

Electro-massage, 265 

Electro-motive force, 14 

Electro-motor for surgical work, 245 

Electro-muscular sensibility, 207 

Electro-static machines, 23 

P^lectro-thermometry, 216 

Electrolysis, 45 

of organic tissues. 255 

Electrolytic analysis, 216 

Electrotonus, 145 

Elephantiasis arabum, 373 

Endometritis, 332 

Engelmann's faradic battery, 230 

Enlarged lymphatic glands, 362 

Entropion, 308 

Epilepsy, 281 

Epithelioma, 372 

Equal quantities of positive and negative 
electricity, and value of force act- 
ing, 5 

Equipotential surfaces, 15 

Ero's diagrams of varying density of cur- 
rents, 152 
point, 175 

Exophthalmic goitre, 281 

Extensor muscles of forea^pi, 180 

External oblique muscle, 182 

Extrauterine pregnancy, 350 

Eye, electrical reactions of, 208 

Eyelids, new growths of, 307 

Facial nerve, motor points of, 162 

paralysis, 199. 201, 296 
Faraday's views and lines of for^e, 10 
Faradic batteries. 228 

electricitv, 263 

reaction of degeneration, 204 
Faure'scell, 110 
Fibroids of the uterus, 344 
Fixation electrode, 240 
Flexor muscles of arm, 176 

of leg, 185 
Foreign bodies in the eye. 305 
Formula for Ohm's law, 375 

of contraction, 148 , 

Frequencv of sittings, 265 
Frictional machines, 24 
Frontalis muscle, contraction of, 163 
Functiotial imj»otence, 360 

Gall-bladder, reactions of, 160 
Galvanic dosage, 261 
Galvanization at the neck, 158 
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Galvanization of tlie sympathetic, 158 
Galvano-cautery, li()6 
Galvttno-laradization, 265 
Galvanometers. 65 
GastroHcoj»e, 215 
General faradization, 263 

galvanization, 252 
,neuro8es, 279 

therapeutic effects of electricity, 251 
Genito-crural neuralgia, 289 
Glow lamps, 138 
Goitre, 363 
Grove cell, 100 
Gustatory nerve reactions, 156 

Haemorrhoids, 325 

Heart, reactions of. to electric currents, 158 
Heating etl'ects of the current, 43 
Hemianesthesia, 291 
Herpes zoster. 366 , 

Histological changes in reaction of degenera- 
tion. 202 
Hydrocele. 362 
Hydrocephalus, 278 

Hypersesthesia of paralyzed muscles, 295 
Hypertrichosis, 367 
Hypertrophic callus and periostoses, 304 

scars, 372 
Hypertrophy of prostate, 360 
Hypochondria, 280 
Hypoglossal paralysis. 298 
Hvi»o}>ion, 310 
Hysteria, 280 

Hysterical anaesthesia and hvpertesthesia, 
291 

paraesthesia of the throat and larvnx, 
316 

Incontinence of urine. 359 
Increased electrical irritabilitv, 197 
Indifferent electrode, 188 
Induction, 8 

balance. 216 

coils, 87 

of electric currents, 82 

of labor. 354 
Indurations of mammary gland. 364 
Influence machines, 26 
Integument, effects of currents upon, 153 
Intermittent currents. 29 
Internal oblique, 182 
Intestinal canal, roactions of, 159 

obstruction, 323 
Iritis, 310 
Irritability of the urethra, 356 

Jaundice, 326 

Keith on Apostoli's method in fibroids, 346 
Keloid, 372 
Keratitis, 309 



Kidneys, effects of currents upon, 160 
Kirchhoff's law, 36 ' 

Laryngeal muscles, 174 

paralysis, 298 
Laryngoscope, 214 
Lateral thoracic nerve, 174 
Latissimus dorsi, 182 
Lead-colic, 323 
Levator anguli scapulae, 173 

lab. sup. al. nasi, 167 

lab. sup. proprius, 167 

nienti, 169 
Leyden jars, 18 
Lichen j)lanus, 366 
Lines ot magnetic force, 54 
Lingual muscles, 170 
Liver, effects of currents upon, 160 
Local faradization, 264 

galvanization, 255 
Locomotor ataxia, 285 
Lumbo-abdominal neuralgia, 289 
Lumbricales muscles, 179 
Lupus, 373 

erythematosus, 373 

Magnetic action of the electric current, 60 

induction, 57 
Magneto therapy, 272 
Ma^seier muscle, 170 
Median nerve, 175 
Meningeal ha?niorrhage, 284 

inflammations, 278 
Menorrhagia, 335 
Method, reading galvanometer deflections, 77 

of testing electrical reactions. 194 
Methods of local galvanization, 258 
Metritis. 335 
Metrorrhagia, 335 
Microj)hon»\ 110 
Migraine, 288 
Milium, 371 
Milliamp^remeter, 233 
Mitchell on electro-muscular sensibility, 207 
Moles. 371 
Morphcea, 366 

Morton's pistol-electrode, 271 
Motor points of von Ziemssen, 161 
Motors and dynamos, 125 
Movable table battery, 223 
Miiller and Stintzing on galvanic dosage, 262 
Multiple-arc arrangement, 105 
Muscle currents, 145 
Muscles of the trunk, 181 
Muscular cicatrices and contractures, 302 

paralyses and atrophies. 300 

rheumatism, 301 
Musculo-cutaneous nerve, 175 
Myalgia, 301 
Mydriasis. 309 
Myelitis, 285 
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Nervous asthma, 307, 316 

cough. -'iJ 

dcatiiess, 313 

dyspepsia. 321 
Neuralj^ia, '2xi\ 
Neurasthenia. 279 
Neuritis and perineuritis,* 300 
Neuroses of joints, 301 

of stomach and intestines, 321 
Noduhir rheumatism, 303 
"Normal electrode" of Erb, 188 
Normal farad ic reaction, 191 

Obturator nerve, 184 

(Esophagus, reactions of, 159 

Ohm's law, 32 

Olfactory nerve reactions, 156 

One-lhu(l batteries, 96 

Opponens pollicis, 178 

Optic nerve, eflfect-s of currents upon, 155 

Orbicularis oris, 167 

palpebrarum, 166 
Orchitis, 361 
Otoscope, 214 
Ovarian tumors; 349 

Palpitation of the heart, 301 
Paralysis, 293 

of muscles of deglutition, 298 

of ocular muscle:^, 308 

of spinal accessory nerve, 298 

of tne bladder, 359 

of the extremities, 299 

of trunkal muscles, 299 
Parametritis, 335 
Parasitic di.sejvses, 367 
Partial reaction of degeneration, 203 
Parturition, 354 
Periarthritic swellings, 304 
Perimetritis, 335 

Ptluger's " Law of Contraction," 147 
Phrenic nerve, 173 

reactions, 158 
piano-players' cramp, 283 
Pilfanl s cautery battery, 214 
Plantc type of cell, 109 
Platysma myoides, 171 
Pneumogastric nerve, 174 
Polarization, 46 
Polarizing current, 146 
Poliomyelitis, 286 
Portable medical batteries, 225 
Posterior leg-muscles, 186 

thoracic nerve, 174 
Potential. 13 

energy, 16 

galvanometers or voltmeters, 74 
Primary batteries, 95 
"Privy-councillor's muscle," 170 
Prognostic significance of reaction of degen- 
eration, 205 



Prognostic significance of reaction of degen- 
eration in paralysis, 294 
Prolapsus ani, 324 
Pseudo-hypertroj»hy of muscles, 301 
Psoriasis, 366 
Psychoses, 278 
Puerperal haemorrhage, 353 

Quadratus menti, 169 

Radial nerve, ISO 

Ranney's static machine, 247 

Reaction of degeneration, 196, 198 

Rectus abdominis, 181 

Reflex vomiting, 322 

Resistance coils, rheostats, etc., 130 # ^ 

of organic tissues, 151 
Rheophores, 236 
Rheostat, 235 
Rheotome, 233 
Rheumatic gout, 303 
Roberts' osteotome, 245 
" RoUenabstand," 189 
Ruhmkorff induction apparatus, 87 

Salpingitis, 335 • 

Salpmgo-ovaritis, 335 

Sarcoma, 372 

Sciatica, 289 

Sciatic nerve, 184 

Scleroderma, 366 

Sclerosis of the brain, 278 

of the spinal cord, 285 
Seminal emissions, 360 
Sensory zones, 20t) 
Series arrangement, 104 
Shunts, 71 
Singultus, 292 
Sneezing, 292 
Spasms and contractures, 291 

of the extremities, 292 

of the eyelids. 308 

of the face. 292 
Specific inductive capacity, 17 
Spermatorrhffa, 360 
Spider nrevus, 371 
Spinal apoplexy, 285 

congestion, 284 

cord, reaction of, to electric currents, 
157 

galvanization, 259 

irritation. 284 

meningitis and pachymeningitis, 284 
Spleen, etTects of currents upon, 160 

enlargement of, 326 
Standard induction coil, 191 
Static breeze, 270 

electricitv, 4 

induced current, 270 

insulation, 267 

shock, 268 
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static fipark, 268 

Stationary batteries, 220 

Steady currents, 29 

kStenopis of the cervix, 330 

JSterno-cleido-niastoid, 172 

Stimulation of motor nerves, 147 

Stomach, reactions of, 159 

Stora<io batteries, or accumulators, 107 

cautery batteries, 242 
Stricture of nasal duct, 311 

of the rectum, 324 

of the urethra, 356 
Subaural galvanization, 158, 260 
Supra-clavicuhir point, 175 
Swelling faradic currents, 265 
Siiifit<?1i-r)oard for electric bath, 224 
Switches, 134 

Symbols uj'cd in electro-therapeutics, 149 
Symjtaihetic nerve, reactions of, to electric 

currentH. 158 
Syphilitic paralysis, 299 

Tabes dorsal is, 285 

Tal>etic anitsthesia, 291 

Table of resistance of acid mixtures, 376 

of copper wire, 377 

of various metals, 378 
Teleanuifctasis, 371 
TolegfiLpheis' cramp, 283 
Telephon..', 1:;;» 

in diagnosis, 215 • 

Temperature due to contraction of muscle, 
150 

Temporal muscle. 170 
Tensor vat;inM! femoris, 182 
Testing electrodes, 188 
Tetanus, 283 
Tetany, 1^83 
Thermo-electricity, 122 
Thomsf-n's disi-ase. 301 
Tibialis anti( us. 185- 
Tic convulsif, 21JL> 

douloureux, 287 
Tinnitus aurium, 312 
Torticollis, 2'J2 



Total quantity of magnetism is zero, 53 
Toxic paralysis, 300 
Transversalis muscle, 182 
Trapezius muscle, 172 
Traumatic antesthesia, 291 

arthritis, 304 

muscular atrophy, 302 
Tremor, 283 
Triangularis menti, 169 
Trichiasis, 307 
Trifacial neuralgia, 287 
Trigeminal anasthesia, 290 
Tro])hic effects of currents, 257 
Tumors of mammary gland, 364 
Two-fluid batteries, 98 

Ulcers, 367 

Ulnar nerve. 1 76 

Unipolar bath, 254 

'* Unit" electrode of Stintzing, 188 

Ureters, reactions of, 161 

Urethra, reactions of, 160 

Urethral caruncle, 352 

Urethroscoj»e, 212 

Uterine displacements, 343 

tumors. 344 
Uterus, reactions of, 160 
Uvula. 171 

Varicocele, 361 

Vasomotor effects of currents, 257 
Velum palati, 171 
Vertigo, 282 
Voltaic alternatives, 149 
Vomiting of pregnancy, 322 
Von Ziemssen's experiments on cardiac re- 
actions, 158 

Warta, 371 
Wens, 371 

Wheatstone's britlge, 40 
Writers' cramp, 263 

Zygomaticus major, 165 
minor, 166 
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